ONSENSIVUSWBNNWS:UAS

~ awndnencadasiainalulad
un 19 auun 1 unsAU - Touneau 2567

( ISSN : 1905-4963 (Print) ISSN : 2672-9296 (Online.

N..
iy IO

W\\\\\\\lynlllll//ym W)

’ //;/%::f.\ %
Wsy,

",

$
5
4 =
S
=

PHRANAKHON RAJABH

RESEARCH JOU

Science and Technolog

%
%,
%, ) /8
%, RN
%\ DN
Y 7N
7, 7z N
", S
“, o
. , O W\
ey, A

I

—

— ::
\§ g

7

7



Phranakhon Rajabhat Research Journal

B
Vol. 19 No. 1 (January-June 2024)
215615398 31ANILUAT 1vIIneAansuazinalulad
Phranakhon Rajabhat Research Journal (Science and Technology)
U1 19 atufl 1 unsiau - fquieu 2567 Vol. 19 No.1 January - June 2024
Wves ISSN : 1905-4963 (Print)

UNINYIRNVAYNITEUAT ISSN : 2672-9296 (Online)

o

UL

=

wisdudananalunisiewnsNauIsINIshazulTesuInendansuazimalulad Town anvn
AdinAans atd Wand wil ¥33men Fuedl 9aT7nen wAluladinin nwaseans Inemansnisems
ANNTTUANARS INYIFNERSINNELE INGIFERSAMINGDN  INGIMIERTFVAIN NMITNEIWIA  NITEATITUEAY

AaNmes Tanmans Amnssumansuazanaivnssy an1lnenssy vEeInemansussyna

fivsnen
504M1EN319156 950309 AeSming
509A@nI19159UsENAR lalns
919156 A3.0Y1 Uszasdni
91913615175 HAATUNS
FBIFNANTINTE AT.OUUANA DUNTNA

UTIAUNSNIS
AHeAanI1anse aTUsENEnNY Bead

NBIUITUIGAS
A1En319138 AseAviY widedlnyad
AERTINTE ATLTNA 18U
AERTITE A5.FAENT @39
AENT19158 ATNNY A3SNY
ANENS19158 AT.IAYUN IARREUNSNE
AANI1A158 AT YYY ?:uqﬁﬁm
589A1@R319158 AT.199N1T UMY
J09ANENTI1A1TE AT.UMNE ANEAUTUNL
JRIANTI13E AT AN USUATEYIRNS
JRIENTITY AT.ATNA LITINA

o

599MENT19138 AT.NBIEY I9e1385RU

B3N1TUA

38483N15UA
ANUARMEINEIMansaznalulad
AnUARMEIAlLLAERREMNTTY
He1uIEn1san1tWITeLagian

UNINYIRYTNVAYNITLUAT

UAINYNUTITUANERS
LAINYFUNYATANENS
wIneasAauIng
UANINURUEVATUATUNS
PRI ING Y

W demnaAluladnseIRuina1suy3
UNINYINYNVANITLUAT
UAINYNUTITUANERS
PRI INE Y
PNANTAIUNINE Y
WInedemnaluladnseaeinaIsuy3



15375398710 NIEUAT F1 I ImIansuazinalulad

U 19 avudl 1 (unsrAn-dguru 2567)

599ANEN1158 ASAAY LBAIRIUNSNY
JBIFNANTINTY AT.ANRTT InSiBey
SIANENIITE AT.UURT NI

S94ANENSITE AS.DTTONA LAINY
SD4ANENTITE AS.DLLAD nausegnsan

U

N8ANERS1D158 AT.aA1 ﬂ%§§ﬂ

PIYANEANTIANTE ATNTAY dNI1AE

¥ILFAENIIAN5E As.5UNH Asaw

PIWANENTIANTE AT.0ATUN qNEENTeTY

YILFAENIIAN5E M5.301F ATleEan

PIAIENTINTE AT.AUNR ANNITLIY

PIBANENTI19138 93.UITUA AMIGVEIIA

PIWANENTIANTE AN BINATUUN

PIANENTIATE A5.ENLl VYN8

Y 8A1ERTIN58 AT.50 @68’883

YIEF1ENSIA158 15.9581 SauRnensal

v e eXp e e X e e e e e eX2e

YIEFAENIIA158 A5.05810UN  Inslsausng

ex2

219159 AS.ARANIY 18177191
A5.50 Smsans

919159 ﬂi.ﬂ’]ﬂﬂuﬁ VIUNBN

WIngaeAalIng
anrdumaluladnszeuinaldinummsainnseds
anrdumaluladnszeninatdnummsainnseds
wIngaemalulagnszaunansruasmile
UNNINYINYNVANITLUAT
UNNINYINYNVANITLUAT
UNNINYINYTNVANITLUAT
UMNINYINYNVANITLUAT

PAINIUUNINNEY

PAINIUUNINNTY

UNTINEIRUNYATANERNS

UNTINEIRUNYATANERNS
wIngaemaluladnszaunansruasmile
UNINYINYNVANITLUAT
UNINYINYNVANITLUAT
UNINYINYTNVANITLUAT
UNINYINYNVANITLUAT
UNTINEIRUNYATANERNS

NIUABUAIUARTILAY
VININIRYTNVAUATTIVENN

LAUIYNT
Aemans1ansed as.3al uasdsunad

Hadeiaviynis
WEIEUTINl vuuda

§928Na9UTIUBNS

UMNINGYTIVAYNTLUAT

#01UUITHUALITUT UMINIRYTVANTZUAT

wideuiey guves
wamsisun Inelndves
WNEIINUD WALy
WIENANTING LNeNay
uavim Juves
wedwny auiwnag
Wwwdnsius Nouwd
WNATTITINTA WAESAT
WIEAIBUNS YuSUNTRl
w3y vderITuns

A TATLUALITAL WINGIRY VAL NTTUAT
A TATLUALITAL W INGIRY VAL NITUAT
A TATLUALITAL W INGIRY VAL NITUAT
A TIATLUALITAL W INGIRE VAL NITUAT
A TATLUALITAL W INGIRY VAL NTTUAT
A TATLUALITAL W INGIRY VAL NITUAT
A TATLUALITAL W INGIRY VAL NTTUAT
A TIATLUALITAL WINGIRY VAL NTTUAT
A0 TIATLUALITAL WNINGIRY VAL NITUAT
a0 TIATLUALITAL WINGIRY VAL NITUAT



Phranakhon Rajabhat Research Journal
Vol. 19 No. 1 (January-June 2024)

UNUIIUISNS

NsFIuTAgnszuas ainermansuazmalulad sminendosudgnszuns U1 19 adud 1
unsAy - ey 2567 iunsansinnmsssiunafeglugudeyaves TC lsausmumany Wowesuns
wandsurimanniswarnisidovesnnnansd thinw uasimsmandiamelusazmeuenumiinede

iomansglursansatuifiunanuiefumansmedndmnszuiunsuazgnaininis enssles
nsunmdunulng duadunisinuns aluladansaume GAnermans wazimnssuems ynisesd
mnuthaulawasidudselovdmnzandiuiiaula feunanuynunanuldiiunsiionsanangnsnand
fanelusazneuenuminendeiiianudeimgludesiy 9 HuiiGeuiosudr nesussaninimmis
Huegedeinnsansatuiendulsslevinidninsdmivinieints 90388 aauna1sd dadnw
uazgiavlasely

nsdavinnsansatull dialddhennuniiengiiBsangTeuuna gnsmand nesussuning
nasnIuyARaYudY 9 veveunszaaiduetisgun a il

HYemans1ansed asUsEnenny Bead
UFTUIBNTNTANTIYTIWANTLUAT
avinereansiavinalulad



15375398710 NIEUAT F1 I ImIansuazinalulad
U9 19 atui 1 (unTrAu-dguigu 2567)

FNIUULNTIAMUQA (Readers)
U52d1715815398vAgwszuns (@ineramansuazmalulag)

F9IAIANTIA138 AT.UIINTAL 1N1UTELEST UIINIRENYATAENS
39IA1ERNI19138 A9.51A1 NRLEUNE UNNINENFUT1UAQUATINELN
399ANEN519158 3.8Y138 TaAde WIS A QR TANG
F9IFNANTINTY AT.0UNT fiToaTnil wingagasvaruasuns dnnil
F0IANANTIATE (LAY NAANATATA Nallme  unInendesvigaiugium
HYIeMans19158 A5 3TYY windiAy IS YNTANENT
HYI8A1anI13158 05.01381 dadungyia WIS Tedn

HYILAIANI19158 A5.0UANY WsUTIY wnedemnalulagnszreuinainssunsivile
HYILAIANI19158 A5.01g58 SanaIuun wingdewmalulagnszasunanszunsivile
HYIemIans19158 A5.9718 e winedenalulaggsnd
HYI8m1anI13158 0530700 SISy wngaefiyadansy
HYIEMIANI19158 A9.00.q9100 2930584lYA WIS TEN

fromansnanse a5 3l uasSuenad UNINYIRYNVAYNITEUAT
HYI8A1anI13158 A5 EW IeyTnd WINeSeusly

HYI8M1ans19158 A5.3mMAng lnfuna wIneaedeslng

HYem1ans13158 as.Audum AAsshU AN IRETIVA U UFLL A NS TN
HYIemans13158 As.uuinl Yyuseys wingaewalulagnusnagissagll
HYI8AIanI13158 A5.0gN1 ASENA UNINeREsIIHANERS AUdTidn
HYILMIANS19158 ATy aseiim wInedemnaluladnszaeunaisuys
HUIANARTI13IANNGN LUHENa UAINFENLLE

HYIeAIanI19158 A5.9ANN uiuA UTINGITYTIVLIAANTINN

8719138 A3.553UYey VTE WNINeFUNYATANARS

919158 A3 ANAITIU LNARUS I IFNYNTANENT

219159 A5.0599 LaUNa URINYIRLAaUINS



Phranakhon Rajabhat Research Journal
Vol. 19 No. 1 (January-June 2024)

GRETY

UNUTIUIENTS D

FIUNENTIAA (Readers) UsedNMIa5385uAWIzUAT (B Inendansuazinalulag)  E

d13Usy F
UNAMUIY
ENHANCING THE LIFESPAN AND DURABILITY OF BAMBOO (MAI PAI) IN THAILAND 1

Kittikhun Mangkhang*, Prakasit Sokrai, Sataporn Pokpong, Chulalak Changul,

Natt Makul and Rataphol Sangkhasuk
mMsviuupsgUnsaiuaranfnumsunzvesunssuiioananuidssiumsemansvesausy 17
Tuilufiensian Sriovays

g3 Answns* gans YunsaAnNa suInil gnsnaTe WAy invIgaTsal uay Wuyns Ansnms
msieziUTinaing ihiildazaglunse wazmsnsvaevansiaiiidauiammnds 29
Yoayulnsuieds Tuwangawmmumuns

vy W7213AINA Udy vInal Wanar*
wINRMIALESUNTHART AUV SvenunInsiugneusle Jwminumansay 41
WUUTA Fuluna* guuy 3897 uay waasiy argysue
winvendanseylimuInuininisieu nsdfnw audlidUinm 53
AnznAlulagansauwme i Inerdeesuny

WAl Tuns*

Usgansnmuesnniusalaualgasionisanyinaueanesedluaumela 62

AAY) WUWI* UpssTvTe NuAsTIH
nsiSeuiieususe aunakazUSinaeynaveaviitunendinmsdenensegu 73
wuasAiulaznszauluaswemalin SEM-EDX

YASN G Yar* 955y Jvyadve uay Usyyr dandui
mMsinUsEansnwmsiauazemaenundelaglinaluladsansluind 83

NTTUNUA UFUFIIM (g e 01us* gadnwal emadud uaz g3v A3imulesy

AAKUIN 96
JUALLBYANTATEUNUNAIY 97
Fupounsfinrsanunan 101
sULUUUMABIL i d AR 102

2395550 UNITANUN 106



979815 WITUAT a1 mansuasinalulad
U9 19 aUui 1 (un31pa-dlguigu 2567)

ENHANCING THE LIFESPAN AND DURABILITY OF BAMBOO (MAI PAI) IN THAILAND

Kittiknun Mangkhang!*, Prakasit Sokrai!, Sataporn Pokpong?, Chulalak Changul!, Natt Makul®
and Rataphol Sangkhasuk?
Department of Civil Engineering Technology, Faculty of Industrial Technology,
Phranakhon Rajabhat University, Bangkok, 10220
2Department of Logistic Management, Faculty of Industrial Technology,
Phranakhon Rajabhat University, Bangkok, 10220

*E-mail:: kittikhun@pnru.ac.th
Received: 2023-08-26
Revised: 2024-02-06
Accepted: 2024-02-29

ABSTRACT

The purpose of this study was to identify local knowledge that can be used to treat bamboo
to render it more resistant to fungi, termites, and snout beetles with the ultimate goal of extending its
life, particularly for construction usage. The experimental setup focuses on three species of bamboo
(Bambusa bambos bamboo, rough giant bamboo, and Bambusa vulgaris bamboo), three environments
(darkroom (indoor not exposed to light), indoor, and outdoor), and five traditional approaches to
preserve bamboo (allowed to dry naturally, baked without soaking, baked and then soaked in water,
baked and then soaked in saline, and baked and then soaked in wood vinegar). All three species of
bamboo, the treatments used, and the impact of local wisdom were statistically significant at the 0.05
level. To prevent fungal infestation, all three bamboo species were baked and then soaked in water
or saline before being placed in a darkroom or another indoor environment to dry. Only Bambusa
bambos bamboos was found to be suitable for using outdoors. For all three species of bamboo, bak-
ing followed by soaking in wood vinegar was found to provide great results in protection against the
growth of fungus. However, the applied treatments did not yield protection against termites in any

bamboo. The significance level of the finding that baking extends the useful life of bamboo is 0.05.

Keywords: Bamboo Lifespan Local wisdom; Bambusa bambos bamboo; Rough giant bamboo; Bam-

busa vulgaris bamboo

Introduction

Originating in Thailand, bamboo exists in several varieties, evincing significant genetic variation
(Phuangchik, 2013; Chewpreecha et al., 2016), and Thai people have made use of this plant in dozens
of ways for hundreds of years (Maneeoud, 2018). Bamboo is used in a wide range of everyday appli-
cations (Dumklang et al., 2020; Palombini & Nogueira, 2023). In fact, bamboo can be put to such a

wide range of uses that it is often referred to as a “wonder plant.” In-home life, for example, is used
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for furniture instead of timber. Bamboo is also used to produce fibers for high-quality fuel, a context
in which it is a practical kind of alternative power. Charcoal made from bamboo is of a superior grade
in comparison with charcoal, which does not include this material in its composition and has been
used in the building industry. Construction and decorating are two prominent applications. It is also
applicable to a wide range of residential settings. As bamboo is a hardwood, the plant’s trunk is
robust but lightweight, flexible, and pliable. Bamboo is currently used in every sector of the design
industry. Compared with constructing a building with concrete and steel, the cost of using bamboo
straw is significantly lower. Bamboo straw can be used to produce food, basketry, furniture, and for
the elements that make up a house, such as windows, pillars, or even roofs.

Due to its many benefits, natural bamboo is used in furniture, construction, packaging, and bridges.
These benefits include quick development, ecological compatibility, 2-5 years maturity, regeneration
capacities, good mechanical properties, hardness, and copious resources. However, natural bamboo
has hydrophilicity and moisture resistance issues. To improve their biological durability, therapies, and
changes are needed. Physical treatment is cheaper, more environmentally friendly, and easier to use
than chemical and biological treatment, which pollute the environment. At this time, the harmful
impact of chemicals on the environment and their negative consequences for human health have
become an issue of great concern. In addition, environmental groups from across the United States
have collaborated to outlaw the use of three of the most well-known and widely used wood pre-
servatives: chromate copper arsenate (CCA), pentachlorophenol (PCP), and pentachlorophenol. It is
well known that both CCA and PCP pose a significant risk to human health. For example, the Forest
Research Institute of New Zealand has used foam pressed into wood to prevent the growth of wood
fungi, which is safer and less expensive than using less effective chemicals.

According to a study by the Royal Forest Department of Thailand’s Research Division, wax is
more effective than pesticides in preventing the growth of wood-destroying fungi and mold when used
as a coating on wood. Another effective treatment for preserving bamboo is wood vinegar derived
from natural sources. Wood vinegar is a liquid generated from the gas and combustion of fresh wood
burning in airless conditions. When the gas is cooled, it condenses into liquid (Wessapan et al., 2013).
More than 200 distinct chemical components, including acetic acid, formic acid, and methanol, are
found in wood vinegar (Rakmai, 2009). Formaldehyde, acetone, and phenol are beneficial chemicals
in various industries, including agriculture, home cleaning, and animal production.

Additionally, some studies focus on wood preservatives that do not include creosote such that
they consist of risk-free compounds—i.e., vinegar made from wood. As this kind of vinegar is toxic to
snout beetles, using it to cure wood may protect the latter from insect destruction.

There are many kinds of bamboo, including G.atrolviolascea, G.apsu, G.atter, D.asper, and
Bambusa vulgaris. Of these five kinds of bamboo, Bambusa vulgaris has the highest proportion of cel-

lulose (53.34%), whereas G.apus has the highest proportion of nitrogen content (0.33%), and G.atter
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the highest proportion of lignin (27.33%). This is a matter of some importance, as the extent of the
damage to bamboo caused by termites has been connected to the chemical composition of different
types of bamboo. However, in chemical treatment, rosin acid treatment effectively improves the mold
resistance and WCA of natural bamboo materials. In recent studies of the chemical treatment, rosin
treatment has received attention because it is environmentally friendly. Rosin treatment significantly
reduces the MC of natural bamboo materials, increases their WAC, and ultimately improves their
hydrophobicity (Su et al., 2021; Yang et al., 2023).

Research has shown that it is possible to dissipate transmitted electromagnetic wave (EMW)
energy by inducing interfacial/dipolar polarization and conductive loss processes in many materials,
such as timber and laminated composites. This can be achieved by placing an inorganic/polymer
equivalent circuit on the material’s surface. Concerning bamboo, Qiuyi et al. (2022) investigated the
possibility of adding a TiO2@KH-570 coating to the material’s surface by using polydimethylsiloxane
to bridge the hydrogen link and the covalent bond. This coating improves the mechanical strength
and surface hydrophobicity of the bamboo, renders it more effective in self-cleaning, and improves
its resistance to aging and mildew. According to Jing et al. (2022), the microfibrillar aggregates of
parenchyma cells vary at the subcellular scale, and parenchyma cells are more susceptible to ambient
humidity changes than fibers. Their experiment showed that at a relative humidity of more than 409%,
there were significant differences between the various components of bamboo in terms of the amount
of moisture present.

The present study aims to identify local practices that support the durability of bamboo and
thus extend its life, particularly for the purpose of construction. The Chai Badan District in Lopburi
Province provided the research team with the bamboo used to build housing in the area. Bamboo is
cut only in November and December when few snout beetles are active and only when it has been
growing for at least three years. Our experiment used bambusa bambos, rough giant bamboo, and
bambusa vulgaris, each belonging to a different bamboo genus. To fulfill the goal of extending the
useful life of bamboo, each kind of bamboo was subjected to five experiments; each focused on try-
ing a specific technique: natural release, air drying, baking, or water soaking. The treated bamboo was
tested in three different environments: dry naturally, baked without soaking, baked and then soaked

in water, baked and saline, and baked and then soaked in wood vinegar.

Materials and Methods
Materials

Bamboo sourced from the Chai Badan District in Lopburi Province, three species of bamboo—
Bambusa bambos bamboo (Bambusa bambos (L.) Voss), Rough giant bamboo (Dendrocalamus asper
(Schultes f.) Backer ex Heyne), and Bambusa vulgaris (Bambusa vulgaris Schrad. ex H.Wendl.)—each

from a different genus were used in the experiments (Figure 1).
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Figure 1 Three species of bamboo sourced from Lopburi province, Thailand.
(Adapted from Sangkittipaiboon et al. (2015))

Methods

The utilization of a Randomized Complete Block Design (RCBD) is a statistical methodology
employed for the purpose of designing a pragmatic experiment. The testing approach used for pairwise
comparisons of several treatment groups, known as Fisher’s least significant difference (LSD) process,
is implemented in Microsoft Excel. This methodology involves evaluating the disparities between the
population means for each pair by independently sampling each set, utilizing samples from the three
distinct bamboo species as previously mentioned. Fisher’s least significant difference (LSD) test was
employed to analyze a specimen from each of the three samples in each of the five experimental
configurations utilized. Each specimen, with dimensions of approximately 25 mm in width, 500 mm
in length, and 10 mm in thickness (with variations in thickness observed across different species), was
buried at a depth of 2,000 mm in the earth at the designated test location. Data was gathered over a
period of 12 months from the designated test site, during which specimens were subjected to testing
for the presence of fungus and termites. The naturalness of both bamboo samples was assessed by
evaluating the levels of fungal development, moth infestation, and termite infestation in three distinct

circumstances including outdoor, indoor, and indoor.
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Process to extend the lifespan of bamboo

In the current investigation, the oven is consistently held at a constant temperature of 103 +
2°C for the purpose of baking. Additionally, the oven is equipped with a fan to facilitate air circulation
and a vent that provides for the discharge of moisture and water vapor. The bamboo is prepared for
further processing by being chopped to the desired proportions and left to air-dry for a period of 45

days, as per the subsequent processes as shown in Fig. 2.

Method 1

Bake only. Place the bam-
boo in the oven to bake.
The amount of moisture
in the bamboo does not
exceed 10-14 % (Figure
2).

(a) Bamboo specimens

Method 2

Bake and soak in wa-
ter. Bake the bamboo in
an oven for how long.
The moisture content in
the bamboo between 10
and 14%. Then soak the
bamboo in water for one

month.

(b) Cutting and trimming

Method 3

Bake and soak in saline.
Bake the bamboo in an
oven for how long? The
bamboo has a moisture
level of between 10 and
14%. Then soak the bam-
boo in water containing
20% salt for 30 days.

bamboo specimens

Method 4

Bake and soak in wood
vinegar. Bake the bamboo
in an oven in an oven for
1 day. The bamboo has
a moisture level of no
more than 10-14%. Then
soak the bamboo in wood

vinegar containing 20% for
30 days.

(c) Bamboo specimens

for testing

Figure 2 Processing bamboo specimens for testing.

Methods for extending the life of bamboo

Three specimens of Bambusa bambos, often known as Rough Giant Bamboo, and Bambusa
vulgaris were positioned in a raised orientation against a wall within an indoor space characterized
by low illumination. Furthermore, three samples of Bambusa bambos, often known as Rough Giant
Bamboo, and Bambusa vulgaris were inserted into the ground. namely at a depth of 200 mm. Out-
door observations of any alterations in the specimens were conducted after a duration of 12 months.
The bamboo specimens were appropriately labeled in accordance with a predetermined process to

facilitate their identification.
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(1) Prevent fungus.

By collecting samples of the three designated kinds of bamboo through the process of cutting.
The recommended method for drying branches and leaves is to arrange them in a natural drying
environment, such as under a roof outdoors, for a duration of 14 days. It is advisable to trim the
branches to a width that is approximately 25 times the length of the bamboo species, specifically
measured 500 mm in length and 5 mm in thickness. Measure the bamboo specimen using a vernier
caliper. Cut and weigh a small piece of bamboo and then bake the bamboo specimen. Place the
bamboo in an electric oven that has the ability to change and regulate the temperature. Examine the
oven to ensure that a temperature of (130 + 2°C) is maintained for 24 hours after the electric burner
has been turned off. Allow the bamboo to come down to room temperature. Measure the bamboo

specimen using a vernier caliper.

Step 1 D Step 2 O Step 3 D Step 4

Place nine specimens of Soak nine specimens of Soak nine specimens each Soak nine specimens of
each type of bamboo and each type of bamboo and of bamboo, in a bucket of each type of bamboo
maintain in an area with place in a bucket of water water containing 20% salt for 30 days in a bucket
natural air circulation for to soak for one month.  for 30 days. of water containing 20%

one month. wood vinegar.

The data were obtained through the examination of fungal activity in each of the bamboo
specimens under three different conditions: indoor, darkroom, and outdoor. At regular intervals of
30 days, the fungal incidence proportion was assessed in relation to the fungal incidence proportion

detected in the original bamboo.

(2) Prevent snout beetles.

Each of the three specified species of bamboo was acquired and shaped by removing the branches
and foliage. The bamboo should be allowed to undergo natural drying indoors, preferably under a shelter,
for a duration of 15 days. The specimens were cut with approximate dimensions of 25 x 500 x 5 mm, with
the thickness varied according to the specific species. Utilize a vernier caliper to quantify the dimensions
of the bamboo specimen. The bamboo specimens should be subjected to a controlled baking process
by being positioned within an electric oven equipped with temperature regulation capabilities. This oven
should be capable of sustaining a temperature of 103 + 2°C for a duration of twenty-four hours subsequent
to the deactivation of the electric burner. Ensure that the bamboo is brought to ambient temperature.
Utilize a vernier caliper to ascertain the dimensions of the bamboo specimen. The objective is to gather
a total of nine specimens for each kind of bamboo, specifically Bambusa bambos, also referred to as
bamboo grove, and Bambusa vulgaris. Following this, utilize organic methods to eradicate the gathered
specimens. The information was gathered by comparing regions of bamboo that had been afflicted by
moths in three separate settings: indoors, in a darkroom, and outside. These areas were compared to

areas of bamboo that had not been infested by moths.
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Step 1

Leave 27 samples of each
kind of bamboo to aerate

naturally for 1 month.

[>)

(> (>

Soak 9 of each kind of Soak 9 of each kind of Soak 9 of each kind of

bamboo in a bucket of bamboo in a bucket of bamboo in a bucket of

Step 2 Step 3 Step 4

water with 20% salt for water and orange juice wood vinegar and for 30

30 days. for 30 days days.

(3) Determining the durability of bamboo
To assess the durability of bamboo and develop construction methods that are suitable for it,
we facilitated the participation of snout beetles, fungi, and termites in the degradation of experimental

bamboo. The resulting disintegration was then categorized into different levels of durability.

Excellent Very good Moderate Not good Useless

Unusable
(@)
(more than 50%)

Very damaged
(3)
(31-50%)

Slight damage
(1)

(not more than
10%)

Moderate damage
(2)
(11-30%)

No damage
discovered (0)
0%

(4) Examination of community knowledge concerning bamboo preservation

In order to collect knowledge regarding community practices aimed at prolonging the durabil-
ity of bamboo for construction applications, this study focuses on three types of bamboo: Bambusa
bambos bamboo, Rough giant bamboo, and Bambusa vulgaris bamboo. These bamboo species are
naturally abundant in the Chai Badan District of Lopburi Province, where they are extensively utilized
in construction activities. Due to the limited activity of snout beetles during the winter season, the
harvesting of bamboo often takes place in the months of November and December. The methodology
employed at the local level for determining the age of bamboo is rather straightforward. There are five
methods for enhancing the longevity of bamboo. One of these approaches involves utilizing an oven
that is equipped with a vent system, which serves the purpose of facilitating air circulation and enabling
the dissipation of moisture and water vapor. There are five potential approaches to the following:

a. Cut the bamboo to the required size and air-dry for 45 days.

b. Place the bamboo in an oven with the temperature maintained at 103 + 2°C. The bamboo’s
moisture level is between 10 and 14%.

c. Bake and soak the bamboo in water (tap water). Place the bamboo in an oven with temper-
ature maintained at 103 + 2°C.

d. The bamboo has a moisture level between 10 and 14% and is soaked in water for 30 days.

e. After heating for 24 hours, the bamboo has a moisture level of between 10 and 14%. It is
then soaked in water for 30 days to achieve as follows:

f. Bake the bamboo and then soak it in a saline (sea salt) solution. The bamboo’s moisture

level is between 10 and 14%, steeped in 20% salt water for 30 days.
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g. Bake and soak wood vinegar. The bamboo has a moisture level between 10 and 14% and is

steeped for 30 days in 20% wood vinegar.

(5) Apply indigenous knowledge to increase the longevity of bamboo

To extend the lifespan of bamboo for building purposes, this experimental design draws on
traditional wisdom. To achieve the goals of the research, a method is created to lengthen bamboo’s
durability in proportion to the types of situations in which it will be employed. Extending the bamboo
is the first stage in preparing it for usage. There are five potential approaches to the following:

a. After the bamboo has been prepared, cut it to size and let it dry naturally for 15 days.

b. The bamboo is baked in an oven whose temperature is steady at 103 + 2°C and can be
controlled by air currents that may circulate. A consistent temperature should be maintained inside
the oven, and a vent for moisture and water vapor should be left. The bamboo’s moisture level is
between 10 and 14%.

c. Bake and soak in water. Bring bamboo to an oven capable of maintaining a consistent temper-
ature of 103 + 2°C, in which air may flow, for baking. A consistent temperature should be maintained
inside the oven, and a vent for moisture and water vapor should be left. To have the bamboo’s
moisture content between 10 and 14 %, soak the bamboo in water for 30 days.

d. Bring bamboo to an oven capable of maintaining a consistent temperature of 103 + 2°C, in
which air may flow, for baking. A consistent temperature should be maintained inside the oven, and
a vent for moisture and water vapor should be left. Bake and soak in saline. The bamboo’s moisture
level is between 10 and 14%, steeped in 20% salt water for 30 days.

e. Bake and soak in wood vinegar. Bring bamboo to an oven capable of maintaining a consist-
ent temperature of 103 + 2°C, in which air may flow, for baking. A consistent temperature should be
maintained inside the oven, and a vent for moisture and water vapor should be left. The bamboo has
a moisture level between 10 and 14% and is steeped for 30 days in 20%v/v wood vinegar.

The aforementioned bamboo preparation was tested to the test in three diverse environments:
indoor, outdoor, and darkroom.

a.Several specimens of Bambusa bambos, bamboo stems, and Bambusa vulgaris, each measuring
approximately 25 mm wide by 500 mm long, with the thickness varies depending to the species. On
a piece of colored lacquered fabric tape, write the code that has been established for each species,
and then connect that tape to each sample (Figure 3).

b. Soak some of the Bambusa bambos bamboo, Rough giant bamboo, and Bambusa vulgaris
bamboo samples in 20% wood vinegar and some of the samples in 20% salt for 30 days in a darkroom.
Then dry the samples for 24 hours at a constant temperature of 103 + 2 °C in an oven with a vent
for moisture and water vapor to escape. The moisture level of the bamboo is between 10 and 14 %,

and the bamboo is unprocessed and natural.
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c. In the open air, Bambusa bambos bamboo, Rough giant bamboo, and Bambusa vulgaris bam-
boo have been soaked in 20% wood vinegar, 20% salt water, and 30 days of water, and then dry for
24 hours in a temperature-controlled oven. Air may flow within the oven at 103 + 2°C to maintain a
constant temperature, and there should be a vent for moisture and water vapor. The moisture level
of the bamboo is between 10 and 14%, and the bamboo is unprocessed and natural. Depending on
the type of bamboo, the sample size of bamboo is usually 25 mm wide x 500 mm long x 25 mm
thick. The code is ready to be written on bamboo tape, lacquered cloth, and stitched 200 mm below

the earth’s surface (Figures 4 and 5).

(a) Bamboo specimens during testing (b) Bamboo specimens after testing

Figure 3 Multiple samples of three species of bamboo before snout beetle treatment (R)

and after snout beetle treatment.

(a) Bamboo specimens during testing (b) Bamboo specimens after testing

Figure 4 Depicts the snout beetle protection concept for bamboo in a darkroom setting.

(a) Bamboo specimens during testing (b) Bamboo specimens after testing

Figure 5 Depicts the durability and protection against snout beetles that degrade

outdoor bamboo design and recording of changes every month for a year
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(6) Experimental analysis and discussion

The data collected from the experimental treatment were subjected to analysis using a Rand-
omized Complete Block Design (RCBD). To assess the differences between the population, mean for
each pair of outcomes, Fisher’s Least Significant Difference (LSD) statistical approach was employed.
This involved independently sampling each set and comparing the resulting findings. Utilizing a sample
group of three distinct bamboo species, the study incorporated three experimental settings, namely
indoor, darkroom, and outdoor environments. Additionally, the production of moths was conducted
at one of the experimental sites. This discussion pertains to the real-life evaluation of fungal infections
and termite infestations, with specific reference to the five treatment methods applicable to bamboo:
natural treatment, dry treatment, dried treatment, and water soaking treatment. The process involves
first drying the substance, then soaking it in a saline solution, and subsequently drying it again before
soaking it in wood vinegar. Utilizing a statistical analysis through the employment of the SPSS soft-
ware application prior to data input can serve as a preventive measure against the increase of mold,

moths, and termites.

Results and discussion
Utilizing the experimental methodology established, an analysis was carried out to assess the
effectiveness of localized techniques in the preservation of bamboo for construction purposes. This

section provides a description of the outcomes obtained from our experimental investigations.

Durability of bamboo

The evaluation of the results was conducted using the Randomized Complete Block Design (RCBD)
and Fisher’s Least Significant Difference (LSD) statistical method. This methodology was employed to
analyze the variations between the means of different populations, which were established through
independent sampling of each respective group. The versatility of bamboo may be demonstrated by
the utilization of three design environments, namely indoor, darkroom, and outdoor, and the exami-
nation of three focus species of bamboo, specifically Bambusa bambos bamboo, Rough giant bamboo,
and Bambusa vulgaris bamboo. The methodology employed for using bamboo in construction will
assess three key attributes pertaining to the durability of bamboo, namely its resistance to mold and

termites, as illustrated in Table 1.
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Table 1 Determination of bamboo’s durability and building techniques

Fungi [n]
Drying process Drying process of
Natural process [i] Drying process [j] and after being Saline [U] bamboo with wood
Place [e] Type [a] soaked in water vinegar [m]
[k]
Mean SD Mean SD Mean SD Mean SD Mean SD
Indoor [f] Bambusa bambos[b] 48.9967  23.81959  19.5000  11.98883 .0000 .00000 .0000 00000  48.9967  23.81959
Rough Giant Bamboo[c] ~ 42.2333  19.51976  12.1900 53113 .0000 .00000 .0000 00000  42.2333  19.51976
Bambusa vulgaris[d] 6.5867 .25658 .0000 .00000 .0000 .00000 .0000 .00000 6.5867 .25658
Total 32.6056  25.02987  10.5633  10.43019 .0000 .00000 .0000 .00000 32.6056  25.02987
Darkroom [g] ~ Bambusa bambos .2700 .26514 1.1033 10263 .0000 .00000 .0000 .00000 .2700 .26514
Rough Giant Bamboo .8033 .02309 7333 .28006 .0000 .00000 .0000 .00000 .8033 .02309
Bambusa vulgaris .5633 .28501 .1433 .24826 1733 .30022 .0000 .00000 .5633 .28501
Total 5456 .30254 6600 .46203 .0578 17333 .0000 .00000 5456 .30254
Outdoor [h] Bambusa bambos 11.6533 205115  36.0167 4.18598  26.8067 2.16218  25.0700 57166 11.6533 2.05115
Rough Giant Bamboo 17.2033 3.01631  36.5467 4.07750 26.8367 296024 18.9167 1.14409 17.2033 3.01631
Bambusa vulgaris 211533 7.23071  34.0467 1.97510  21.9367 56083 21.7333 138601  21.1533  7.23071
Total 16.6700 578611 355367 3.28844 251933  3.06661 21.9067 282940  16.6700 578611
Total Bambusa bambos 20.3067  25.10402  18.8733  16.40392 8.9356  13.44686 8.3567 1253826 20.3067  25.10402
Rough Giant Bamboo 20.0800 20.59170  16.4900  15.97291 8.9456 13.49972 6.3056 9.47562 20.0800 20.59170
Bambusa vulgaris 9.4344 9.85696  11.3967  17.01675 7.3700 10.92989 7.2444 10.88874 9.4344 9.85696
Total 16.6070  19.51909 155867  16.13990  8.4170 1220811  7.3022 10.64001  16.6070 19.51909
Snout beetles [o]
Drying process Drying process of
Natural process [i] Drying process [j] and after being Saline [U] bamboo with wood
Place [e] Type [a] soaked in water vinegar [m]
[k]
Mean sD Mean SD Mean SD Mean Mean SD Mean
Indoor [f] Bambusa bambos .0600 .04359 1967 .03055 1067 .02887 0633 .00577 .0233 01155
Rough Giant Bamboo 0767 .00577 .2300 .13000 .0900 .01000 0667 01155 .0300 .00000
Bambusa vulgaris 5067 14572 3667 .09452 3167 .07095 .1867 .05033 .0867 .00577
Total 2144 23212 .2644 11304 1711 11602 .1056 .06616 .0467 .03082
Darkroom [g]  Bambusa bambos 1167 .02082 10933 .00577 2933 35233 .0733 .01155 .0000 .00000
Rough Giant Bamboo .1700 .02646 1533 .04163 1367 .02309 .1400 .04583 .0667 01155
Bambusa vulgaris .5267 .11060 .4200 8.21656 6167 .14844 2633 .06807 .1567 00577
Total 2711 .20152 2222 18667 .3489 .28568 .1589 .09320 .0744 .06839
Outdoor [h] Bambusa bambos 1367 .00577 .0900 .00000 .0333 .00577 .0400 .00000 .0000 .00000
Rough Giant Bamboo 1067 .00577 1267 .02082 .0367 .00577 .0467 .00577 .0433 .00577
Bambusa vulgaris .9633 .20207 3067 07371 .1500 .10583 .1833 01155 .0600 .01000
Total .4022 .43301 1744 .10748 0733 .07826 .0900 .07036 .0344 .02744
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Table 1 (Cont.) Determination of bamboo’s durability and building techniques

Snout beetles [o]

Drying process

and after being

Drying process of

Natural process [i] Drying process [j] Saline [U] bamboo with wood
Place [e] Type [a] soaked in water vinegar [m]
[k]

Mean sD Mean sD Mean SD Mean Mean sD Mean
Total Bambusa bambos 1044 .04216 1267 .05477 1444 21149 .0589 01616 .0078 .01302
Rough Giant Bamboo 1178 .04353 .1700 .08322 .0878 .04522 .0844 .04876 .0467 01732
Bambusa vulgaris 6656 26178 3644 13315 3611 22696 2111 .05798 1011 .04372
Total 2959 30526 2204 .14004 1978 21130 1181 .08029 .0519 .0474

Termites [p]

Drying process Drying process of

Natural process [i] Drying process [j] and after being Saline [U bamboo with wood
Place [e] Type [a] soaked in water vinegar [m]
[k]

Mean SD Mean sD Mean sD Mean Mean sD Mean
Indoor [f] Bambusa bambos .0000 .00000 .0000 .00000 .0000 .00000 .0000 .00000 .0000 .00000
Rough Giant Bamboo .0000 .00000 .0000 .00000 .0000 .00000 .0000 .00000 .0000 .00000
Bambusa vulgaris .0000 .00000 .0000 .00000 .0000 .00000 .0000 .00000 .0000 .00000
Total .0000 .00000 .0000 .00000 .0000 .00000 .0000 .00000 .0000 .00000
Darkroom [g]  Bambusa bambos .0000 .00000 .0000 .00000 .0000 .00000 .0000 .00000 .0000 .00000
Rough Giant Bamboo .0000 .00000 .0000 .00000 .0000 .00000 .0000 .00000 .0000 .00000
Bambusa vulgaris .0000 .00000 .0000 .00000 .0000 .00000 .0000 .00000 .0000 .00000
Total .0000 .00000 .0000 .00000 .0000 .00000 .0000 .00000 .0000 .00000
Outdoor [h]  Bambusa bambos 21.6733 52166 40.3433 321013 31.9133  8.01644 54.2267  7.18176  37.0933  3.31044
Rough Giant Bamboo 29.4133 7.24028  36.1467 2.58206 42.1333 4.92622  79.7567 18.85035 31.2267 1.30024
Bambusa vulgaris 75.2500  42.40927  37.5067 9.54939  67.6867 21.78394  86.3667 23.46643 33.6800 56205
Total 42,1122  33.04135 37.9989 552080 47.2444 19.88496  73.4500 21.34135 34.0000 3.12287
Total Bambusa bambos 7.2244 10.83981  13.4478  20.23542 10.6378 16.45239 18.0756 27.35009  12.3644  18.62038
Rough Giant Bamboo 9.8044  15.14567  12.0489  18.11939 14.0444 21.21017 26.5856 40.97701  10.4089  15.62686
Bambusa vulgaris 25.0833  43.18885 12,5022  19.35162 22.5622 35.55287 28.7889 44.74895 11.2267 16.84234
Total 14.0374  27.29785 12.6663 1850917 15.7481 2523392 24.4833 37.21716 11.3333  16.42467

Notes: [a] Type refers to the type of bamboo species tested for three species. [b] Bambusa bambos bamboo means Bambusa bambos, scientific
name Bambusa bamboos. [c] Rough giant bamboo means Rough Giant Bamboo, a scientific name. Dendrocalamus asper. [d] Bambusa vulgaris
bamboo means Bambusa vulgaris, the scientific name Bambusa vulgaris “Vittata”. [e] Place means a place is designed to simulate the environ-
ment of 3 places: indoor, darkroom, and outdoor. [f] “Indoor” means an umbrella with a canopy to protect from sun and rain. [g] “Darkroom”
means a darkroom room wholly enclosed without sunlight and wind. [h] “Outdoor” means outdoors that is open and exposed to sunlight
and wind. [i] Natural process refers to the experimental bamboo samples released naturally. [j] Dried means bamboo specimens that have
been dried and left. Forty-five days were taken for testing. [k] Plain water means bamboo specimens that have been dried and left for 15 days
and soaked in water for 30 days before being tested. [l] Saline refers to bamboo specimens that have been dried and left for 15 days, then
soaked in 20% saline for 30 days before being tested. [m] Wood vinegar means bamboo specimens that have been dried and left for 15 days,
soaked in 20% wood vinegar for 30 days, then subjected to experiment. [n] Fungi means fungi that occurs on black wood. [0] Snout beetles
mean wood snout beetles are pests that destroy wood and make wood porous. [p] Termites mean termites are snout beetles that eat wood.
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Impact of desiccation in a saltwater environment induces the proliferation of mold on bamboo
surfaces

There was no evidence of the presence of fungi within any of the bamboo species under the
conditions of darkness in the experimental circumstance. The fungal organism was found to be ac-
countable for 18.91% of the issue at hand. Bamboo Tong and fungus accounted for 21.73% of the
total in the outdoor design site. The proportion of contribution made by Bambusa vulgaris, an exter-
nal design site, and fungi towards the establishment of an outdoor bamboo forest circumstance was

recorded as 25.07% (Figure 6).
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[] Wile Bamboo  [[]] Tong Bamboo [ ] Yellow Bamboo

Figure 6 Quantity of mold present, bamboo species, and drying procedure

all played a role in bamboo degradation.

Impact of moths in bamboo subjected to drying process with wood vinegar

The bamboo forest moth was not detected in either the darkroom or the outside habitat. The
population of moths observed in the shadow of the bamboo forest constituted a mere 0.02% of
the overall composition. The proportion of moths that were born constituted 0.03% of the overall
population, while Bamboo Tong is renowned for its interior design concepts. Moths accounted for a
mere 0.04% of the total contribution. An infestation of 0.06% of moths was detected in the exterior
design of the Bamboo Tong. The study conducted by Bamboo Tong focused on the design of gloomy
rooms, with a particular emphasis on the contribution of moths, which accounted for a little 0.06%
of the overall percentage. Furthermore, the research explored the potential use of Bambusa vulgaris
as a suitable material for outdoor architectural design. Moths accounted for a mere 0.08% of the
total contribution, while Bambusa vulgaris served as a prominent choice for outdoor architectural
design. Additionally, it was observed that moths accounted for 0.15% of the whole Bambusa vulgaris,

darkroom decoration (Figure 7).
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Figure 7 Incidence of moths for each type of bamboo associated

with the drying process using wood vinegar

Impact of termites on the bamboo drying process in the presence of wood vinegar

There was no evidence of empirical support indicating the presence of termites within any
of the bamboo species under the controlled conditions of the darkroom. Termites accounted for
a proportion of 31.22%. Termites accounted for a proportion of 33.68% in the overall context. The
allocation of 37.09% of the overall site was dedicated to the establishment of an outdoor bamboo

» o«

forest environment, with significant emphasis placed on the phrases “Bambusa vulgaris,” “outdoor

design location,” and “termites” (Figure 8).
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Figure 8 Incidence of termites for each bamboo species soaked in wood vinegar
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Conclusions and future research

Based on the obtained results, the following conclusions are presented:

Bamboo fungi are naturally mold-free (very good), bamboo grove and Bambusa vulgaris, dark-
room design. Fungal incidence was 0.6% (very good). In the bamboo room design at 13.19% (moder-
ate) of indoor bamboo had fungi at 23.15% were fungi (moderate). It indoor Bambusa vulgaris. 33.1%
were fungi (poor). Fungi made up 42.45% (poor) of bamboo forest outdoor design 52.18% were fungi
(unusable level).

Bamboo mold, drying, bringing. No fungi were found (very good level). Bambusa vulgaris and
bamboo woodland. Darkroom indoor design of 18.9% was fungi (moderate level) at 21.73% were fungi
(moderate level). Yellow outdoor bamboo of 25.07% was fungi (moderate level).

Bamboo moths are natural. Moth-born bamboo forest indoor design was 0.06% (excellent),
0.07% was moth-born (very good), and 0.10% was moth-born (very good) of 0.11% was moths (very
good). Bamboo forest darkroom Moth caused 0.13 (very good) Outdoor bamboo design of 0.17% were
moths (very good) Darkroom Bamboo Tong room at 0.5% of moths hatched (very good). Bamboo
indoor, yellow at 0.52% of moths marked (very good).

The bamboo heat treatment is well-developed, although several areas need further studies: (1)
Conducting heat treatment on more bamboo species used for different goods. There are many bamboo
species, but most heat treatments have been done on moso bamboo (Phyllostachys pubescens). (2)
Designing economical heat treatment equipment. (3) Optimizing heat treatment parameters and bal-
ancing dimensional stability and mechanical qualities for final applications. Exploring innovative heat
transfer media with high thermal stability, low cost, and low energy consumption. (5) Standardizing
bamboo heat treatment and the market. (6) Developing non-destructive and fast heat-treated bam-
boo product quality testing technique. These issues demand researcher-entrepreneur collaboration.

Bamboo heat treatment technologies allow it to be employed in more valuable industries.
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ABSTRACT

The traditional method for shucking oysters using a pointed iron had a chance of injuring the
muscles of their hands and arms, and accidents of piercing hand from a sharp iron. This quasi-experimental
research study aimed to improve oyster shucking equipment and work station by using a solid
work program, and to compare the ergonomic risk score using a RULA (Rapid Upper Limb Assessment)
questionnaire between the traditional and new oyster shucking methods among 8 oyster shuckers in
Angsila area, Chonburi province. Results showed a new oyster shucking equipment should be made
of stainless steel by analyzing factors of resistance to seawater corrosion, strength, service life and
price, combined with a new workstation designed for the appropriate height tables and chairs.
The results of the ergonomic risk comparison found that the new oyster shucking equipment could reduce
wrist and arm injury risk by 91.5 and 87.5 percent, respectively. The RULA assessment score found
that ergonomic risk was reduced by more than 57 percent compared to the traditional method.
The new equipment can potentially reduce the ergonomic risk score for injuries to the wrist, torso
and neck. With supports from the government or local agencies, they could be further developed
as a business. This will cause development in terms of production, quality, safety and reduce the risk of

occupational diseases among the local occupations.
Keywords: Ergonomic risks, Muscle injuries, Oyster shucking equipment, Workstation
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UNANED

NATelTTngUsTasAiiensvasuUsinand1sn Usinaudiildazatslunsn wagnsvaeuansiadl

°

Mdnuuaasayulnsuined@inuu 10 viia loun nseite (Zingiber zerumbet (L) Roscoe ex Sm.), N5eaem
(Kaempferia parviflora Wall. ex Baker.), n5z918L11@09 (Boesenbergia rotunda (L.) Mansf.), it
(Curcuma longa L)), aiiudes (Curcuma zedoaria (Christm.) Roscoe.), 11 (Alpinia galanga (L.) Willd.), T4
(Zingiber officinale Roscoe.), Wigwau (Kaempferia ealanga L.), lwa (Zingiber montanum (J.Koenig) Link
ex ADietr.) uagudnungn (Curcuma comosa Roxb.) Sesnaniwmneaslnslunngsmavnuasedoay
3 5w thumUBnaninsauaziinaniiiliazanelunsngradamusisanmsgiuenasulnsine uazasaaey
asafifidauuadaeliyanadey GPO-TM Kit sanunsamsivdevansadihdauuasia 4 ndy wans3de
wuh BN ez lsiaranslunsavesnszite Wanzvien Ina uaziudnuegn e esnindunasgu
vosanulnsuiazyiln dni1eglunaeinasgiuayulng nsnsRdeuamsalimiauuamuayulnswicdls
#4 10 ¥in avranunanésvesansiediidnuuasngueeinlureamnuazansunsm uildnumanndnses
asindifdauuaindueniniluaaoiunarinmsess nmavaaeufeganaaouidumansaeuidesiu fulu
vnthasulnsadrumiunld msdahasazeinrieasafoimumdnassenndy 5 Uszns Wileanu3anu
asaimdauasiinnaneutilulgenfienadmasiogunmle

AdAey: Usunauinsin Ysinaniildazanslunse asiafimdnuuamneng ayulng 2947

ABSTRACT
In this study, the total ash content, acid-insoluble ash content, and pesticide residues were
examined in 10 species of the Zingiberaceae family, namely Zingiber zerumbet (L.) Roscoe ex Sm.,

Kaempferia parviflora Wall. ex Baker., Boesenbergia rotunda (L.) Mansf., Curcuma longa L., Curcuma
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zedoaria (Christm.) Roscoe., Alpinia galanga (L.) Willd., Zingiber officinale Roscoe., Kaempferia ¢alanga L.,
Zingiber montanum (J.Koenig) Link ex A.Dietr. and Curcuma comosa Roxb. All crude drugs were
purchased from three herbal drugstores in Bangkok. The total ash and acid- insoluble ash contents
were determined according to the Thai Herbal Pharmacopoeia. The detection of pesticide residue
contamination using the GPO-TM Kit, that for detection of all four pesticide groups. The results showed
that the total ash and acid-insoluble ash contents of Z. zerumbet, K. galangal, Z. montanum and
C. comosa were under the official standard value that has passed the Thai Herbal Pharmacopeia standard
criteria. Pesticide residues from organophosphate and carbamate pesticides were detected in all
10 dried species of the Zingiberaceae family. Nonetheless, pyrethroid and organochlorine pesticides
had not been detected. Pesticide residue detection with test kits serves as a preliminary screening.
Therefore, the rhizomes should be thoroughly cleansed according to the five principles of Thai traditional
pharmaceutical ethics in order to reduce the amount of pesticide residues before being used to

prepare drugs that may affect human health.
Keywords: total ash, acid-insoluble ash, pesticide residue, herb, Zingiberaceae

unin

ayulngdla (Zingiberaceae) Wuiiwdugnvatsggnuannlusedens fueendelsd uazainnis
drsalutszinalnenulszana 300 viia (Sirirug, 2008) Aulnglduseloatianiivied@sludinussdriuaeudng
wnlaglamzihliuszneues iedouna uagiunifuauinslunisinuilsaliiasliduanulnsien
viesiuen dwiflifediuldfu (hizome) viamihdsdudwitodlifuhmihfiavauommns th uazussn
Lwammaiwmiwmammq q Witufty Tnsdutasithiunensuimefiognelumadiilsiinduanzvasity
uiazadin uenanidigaduasiiving q feglufuudaluasandrduadivlfiduiy mnnsiifiaudesnis
TayulwslusdlafunniudmaliinunsnsfimsUgnaulnasmandnduinaundonliouazasiad
frdnuaniutu ndeyaandrinauauiisias Sagninnunswuiilul wa. 2565 fnisiidaised
AMInLLaIUsEUN 18,826 Fiu ImaLﬂwmsnﬂ%mimﬁé?qLm'ﬂ’1sm%'auﬁ”uﬁmswazﬂqﬂwﬁamitﬁmﬁmmawamf’?}q
Wusinaigaiunimnusuduesiufendininaidvusmendsnsldansedidaaliannisandg
vossafinniu asedidauuasdiinislivesluvssmalnediog 4 Ussian Ao ansnduonsnluneais
Asuan sosnlunaedy waglmansesd deansnguesinilurleamnazansldiluthiamdufivdessuy
Ussanmdsrasionisviauveaeuluiladueaineisa (Cholinesterase) sihlsiilennsdoufisws fuss thunvi
mglagiun dn vuaaRld nquafuiwaiinmsssngrsndefuasnguesinilueamadamnudufiviesndy
Lwimsi‘m%a%’}L‘fJuaﬂﬁﬂszﬂauﬁﬁﬁaﬂaqﬂqimﬁmﬂlﬁ%wmi%’uﬂizmufﬁ’mLﬂuaﬁﬁamﬁﬂéf GREMCAGRETY
wasaesnduusniifuiisnuasfesldtulunanhaduiivewsasuasdi By q usasnsoaaedldis: venani
falasndiidauuasdniszian Ae sesnilurassusarlnsnssdduiivseuuamnyie Ifwdsunduse

o

wyuduazdniinseandunas aanedath Insandseglufuludanaden winsensluiilgenmsdwilians
Ussunnilignauauvisedainaldvialan (Angsungnuen, 2015) Minsivaeuatsindimdnuuadtuiivayulnsusi

Fadugsddgiendnaeinisiisuasiaiivalaningiviiasiluldlunmsudaenselu nseasivaeumansiadl

o a

Mdnuuantesduaunsaliyanaaey GPO-TM Kit (laveudnddns 7554) vesesAnmandunssudaduy
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nnegeuiduyw ildie s3m57 daukivesds (Sensitivity) Sovaz 83.3 A1NYNFBIVEITE (Accuracy)
3988y 89.5 ANTNNIZVDIIS (Specificity) $opas 100 FnslgauiuLnIaIeInIuNTIds LAz a0
mwaaumdﬁmﬂﬁﬁami (Department of Medical Sciences, Ministry of Public Health, 2017; Hamjinda &
Prasittipan, 2023)
a & A Y Y Al & = v a ) a a
MylATeisinaninsn uasiniliasarelunsadunildudenisussdiunnnmuesingAuayulngg
muualagasinisewdelan uazsiludermualuisunsgiueayulnslne (Thai Herbal Pharmacopeia)
A o I3 | A ad o ' | ° v ¢
WiefmuANaIININTEIU kazAUANAMN YBsalUlnsusiasslanlT e lulsemalneneuhlUldussloml
Tudusng 9 Usuandn (Ash content) lunismasiaandeegndainniswnlnditvedisanysal daulugien
avUsznaumenns (Alkali earth) luguindamsusiun wealn dan uazaaslsa nsmeaeuilliiludarivun
dvsuiigilddmiwaemiyndanivayulnsuisiiaiflansdmangdniaunn mndvsuaudminlgusueni
X = a I a oMoy | ° ° | a 1
nsUuou Yasuuu saufiamawseuwaznisivayulnsilaldunasgiunsudinndming Usunainsiuuans
= a Y a I3 A A ' . | Y a1 I a Y
faUsunauinunngaduaziiadovasayulng wu calcium oxalate druinldazanglunsaluuiunauing
Wnangslasudy Yulauvesansetunsd wu Aiu fiu nsie Tusiegrsiiy mnwSeuiieuad1siuiuaei
lalavanansauassiogaissianediu AnlaasauaANLLaNA1sveIdsilud1nwadilaLdasssumAnu
wnvesdsnvasuuu Yudeuluayulns (World Health Organization, 2011; Mukherjee, 2007)
madenuarAnassmasingauiienlimvsemitdalenudAgdnun mineamznsdmnlivsslomn
v v o Ay N Ao ¢ A = ~ v ~ Y a o
NRAMUNTUNNG ATLIde iRl IngUsvasdiafnuuSinauin sy Usunanditliavaelunsn uagnsiadeu
masaimdauuas ngld GPO-TM Kit Tuayulnsuienadlediuiu 10 wia anfruvigayulnsluae
° v = & v 1Al & ) a a &
nsannavuasIua 3 $1u Faduiuesagulnsvnnlngiunndunulnewasdssmsumlufoudonte

/M

1. nsdavayulnguieedas

nsfnwadedl Iddndenayulnsuriduisdleidonllumivemsnisumdunulnednu 10 wia
lawn nsedie (Zingiber zerumbet (L.) Roscoe ex Sm.), ns¥aesn (Kaempferia parviflora Wall. ex Baker.),
NI 1LaRs (Boesenbersia rotunda (L.) Mansf.), it (Curcuma longa L.), iiudos (Curcuma zedoaria
(Christm.) Roscoe.), 11 (Alpinia galanga (L.) Willd.), 33 (Zingiber officinale Roscoe.), WUs1enau (Kaempferia
galanga L.), lwa (Zingiber montanum (J.Koenig) Link ex A.Dietr.) wagudnuagn (Curcuma comosa
Roxb.) Iﬂa%yamﬂ%’msmsaagulwﬂulfumﬂiﬁmwmmuﬂwﬁmaz 3 Uuas s’?faLfJu%ﬁumsJauqu"LWﬁJm(ﬂmjﬁLLWME‘]
LLmuimJLLasUimﬁjuﬁﬂU%ﬁﬂLLazﬁamﬁaﬂ%a (Boonma et al., 2020)

2. Maw3euiegayulng

théhegayulwsudazelln wiasuvas ndadauvantasuoen thluuaidumsuduiluivluawuei
YnatnsothlUinszisely

3. MIATgRUGinaniiTn wasdhiliazatalunsn (World Health Organization, 2011; Department
of Medical Sciences, Ministry of Public Health, 2017)

3.1 MTBATIEAUIINUANTIL (Total ash content)

'
a

Fawsanulng 5 n3u (n=3) Tdluienszileantiou (Crucible) Insmuiminuivey tludideu
Tigaungil 105 ssmawadiva Wunan 1 Flus wdnhllduawiigaumgl 500 ssmgadva Wunan 6 9l
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ﬁwfhaia'luiﬂQmmm%wﬂunm 30 Wit Fehvindsuild udfwndevarUinaEnaNvewimin
maguiwaf??qéfu
3.2 msieszivSinandiiliazanslunsa (Acid-insoluble ash content)
%ﬂﬁwwﬁﬂé’aaﬂﬁxLﬁadmﬁauﬁﬁﬁﬁmag Wwunsalalasaaesn Anududy 10% v/v Usune
25 fiadans Wlududunan 5 uil ndaantunsesriunsenensadléiédn (WhatmanTM No.40) &l
nsyAunIesetnfeu aunsyanwdasadiunans thnsyaunsesiddldludonsudonndouluiiy whdaely
MIUUAAANUSBUIUNTEATHNTDILIS LLé”JﬁﬂﬂvﬁHLmLmﬁqmmﬁ 500 sarwadea Wunan 6 Hlu
ﬁﬁ’;aela”luiaammm%uvf]mam 30 Wit Femindils udduafevarsinandfiliavarelunseves
%Wﬁﬂwﬂagulvvié?ﬂéfu
4. MINTIEUAISANAITALLAINAAYY (The Government Pharmaceutical Organization (GPO)
Thailand, 2017)
4.1 MInTRdeuasdiidnutamndng nguessnilureamlnuazasulum
nMInTIREeuasimidnwuaeingueesnluneaalaasuLannAstuanulnuieeAT
VIAFBUAIYARTIVIATIER GPO-TM/1 Kit Iagldvidnnisuenansiiedsiiuead (Thin layer chromatography)
wazasRdeufnshufiseduaneiiielfind ffunounuelienaaouvesesdmalndunssu (GPO) il
msayulng 0.5 n3u wasneau 0.25 n3u ldadluvinnaaey Wathenaitn 10 Seddns weuse 9 1 Wi
(?iy'qﬁyﬂi'ﬁqmmﬁﬁauﬂunaw 5 W1l Mﬁﬁﬁ]’lﬂﬁugﬂmiﬁﬁ’ﬂﬁ?uﬁla 1 fadans laaslumelany uwanhoelany
1‘U’J’N‘U‘L!(§l$LLﬂiﬁUUéWdﬁ?E}luﬁqmﬁﬂ“ﬁ 48 ssrwadva Weasatnssmvemdoussunn 2-3 nun Traonu
dmsunengaansaialuvenuulsiufiueadBsiians methomyl WumsuasgIumUAN vdsInreaasanin
BoudosudldauAuuruiivoatadluriautuny Wothordoudidedaifmuadiuuy WauAvuiuiinead
penunAsluis thukufweadunasddetheomaasy 1 U LLé”JﬁWVL‘UmwumLmiwuﬂéaqﬁ’lﬁjuﬁqmmﬁ
37 sarnwaBoadunan 10 it Wensufmusiwsufileadunasdaeihemaaoud ’J’mﬁqﬁﬁqmmﬁﬁad
3-5 WITILAIIDUNS
NMSEIUNANTSNAZEU 1) WULAUINANAYIULRULISULLNUALDaT wansiimsIanuansial
MdnuuadngueainiluneamnuazaIsuILn 2) Taiwunauranaudsnvuitushsuuisuiinead wanaitlainy
aswnimiInuuainguessnilureamnuasasuum
4.2 MInTvaeuasdimInutamndng nguessnlunaesukazlnmsesn
nsnsRdevasAiiiInutasvenguensnilunaesuwarlnsnsesdanasluayulnsuiadas
VAFBUAIYANTIVIATIEN GPO-TM/2 Kit Iaeldndnnisuenansniedsiiuead (Thin layer chromatography)
psrEeURE IR UM naluarSuasyifiauemaiu 250 uluwns dWelmAed fduneunueiie
VnEBUYRIBIRNSLAGUNTTY (GPO) il Wsaulng 0.5 n3u Tdadlurianeaeu danhenada 10 Tadans
WIS 9 1 U éiy’nﬁqlﬁfﬁqmmuﬁﬁmﬁumm 5 W1 wé’qmmfuammﬁaﬁ’méauia 1 Jaddns ldaslumelany
LLe’hﬁﬁh&JiawxiﬂaﬂnuumxLLﬂiquuéWQ§WQuﬁqquﬁ 48 nsrnwalded dloansatnssmemdeUszana 2-3 nen
Tinaeauidmiuvengaansaialunenuuusiufineaddeilans endrin Wuasnasgiunuay vdsinnea
ansarinGeuiosuddRuAuNuTLeaTaduautuil Wiethenndeuriddnittmusduuy WanAuwiuiiuead
ponunAsILF thukufiueadunasddeningmaaeu GPO-TM-a UYL w Nt uRLLeaTns TR
LLé”;ﬁﬂﬂé’qLLmQ%ﬁ'mmm’m?{u 254 unluns Tunaesed Wunan 3-5 wiiudrTeeuna
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ANBIUNANISNAFBU 1) WULOUINANFN FUIP1ALUDIAIUUNULNUTILDRTY LANIIINTITNU
ansaliimdnuuasnguessnilunassuuazlnimsssd 2) inuwauiinad@iv Simatsiuuuiuinead uan
Tlinvansndminuuainguessnilunassuuaglnamsesn

NANISNAABILALINTA]
1. NanFATIERUSINU 5 wazienliazatelunse

hnwfeUiinumseluvidluisiinurdennmsunlviidesinaismazuandiifiuindussines
uniosiiiedlalufivaslng dunuiiiliazanglunsadoussiniililaunsagesaanslivdaansiuns
dudhensalelasaaedniiniuanssmndanlumadie uenanidvniidsuasuuu udloufuasulng wu fu
yi8 fazdsmaroAUimandifenan fduumadsm wandlderanglunsadumstsenianmsUasuiu
Juidfouvesayulng (Leung et al., 2005) Mnnsimunnun RS LaRUnslus g uagulnslne
Amaisesssylii “lidu Sesazuilnssotutndis Tnevhlutiuandsmiicosas 1-20 Tasthwiin
wazUinaudnitlilazanslunsefidnfesar 1-10 Tnevwiin wisdauegfuriinuesasulng (Chokevivat, 2004)

e 1 wanddidiuderuTinanisuuasUinasdiliazaglunsaiiiesgild Wisuidey
fluAunsgIuvesuiazayulnsanisuinsgIuayulnglng nuiUsinaudisuvensedie nszwmewmies
A3 Wygven Tna uagiudnungn o 3 $1u fddissniAunsguvesusarsdinayulnsiedsunms
wnsgiuayulng winssmediifissiiud 2 way 3 whiuiifedesniiAanmssiu uenandaiiuduainis 3
Mufdnnnidsnesguddeiliiunasinassusiinasisuvesayulng dwiuiinadiliazane
Tunsaveanseite viludes Werzvon na uaziudnungn vesia 3 $1u fafesnidunmsgiuveusazyin
alwsitohrnunasinasguayulng daunszeed nszenemdies viiutu uard fiftesuneduiitiddosndy
Annasgiuvesniazvinayulng msiliiunaeinnsgiuayulnsuansdsnnsidaegisayulngildung
Unaussnn ansedunidang o luwadfivaeudnamnn viemszduitulifemiilifuresivaddegad
nuvil vndnaliageindaiiauiu fiu nedneguinanuiulidimsisayulnslrazoianouiluiun
vl (Kim et al, 2013) Sniladenilsiidsnasoumaninuuasiibiazaslunsafeleownd nsazan
vosanseduniduazanslaveuiiniinndsegluvinafinzlgn 91ned3deves Charoenchai et al. (2015)
laAnwiivusnadnandowsnesd wuhvinadmuveinssvemiouasinlidfosas 16.61 uay 7.19
mudiy druliinaiiliaranslunsevesnszmnemdosastn fidn¥esas 5.77 uag 3.20 AU Hans
veaeuuansliiuiAlafianganinAumsgiuegann

dmsuUTinauduvesuazeiiuges uarUiaditliazanelunsavesiiliisenuaunsgu
Tudhsunesgrusaulnsinedlilunsiieudiouuiisnenuideves Chitra & Thoppil (2008) wusU3anm
hsuuarUinandiliasanslunsavestiliifufosay 5 uay 2 Tnsthniineuady wandliifuiuGum
hsmmesinnii 3 $1u liAuefldvesmiAfordounti Vinaditlderanslunsnfianiziud 2 fifie
Aundanitldnauidereunth duvfinudmuvesiudossedliifiuiosas 6.64 Tnstmiin (Srivastava
etal, 2011) diafisufuemafeivinudmumeniudosdimiiosnhnifotounthuanshmiiuansafi
uenandsuidiou fu nmeudn AMuBANARAuNeafienaasuaznIsnzUanidmadousinandisiuuas
idniilsiazanglunsn
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2. HANSASIVABUASLALNNIALUAINNATS

NI 2 UARINANTTNTIVERUASLANINTALLAINANIMIBYANAGEY GPO-TM Kit wudnayulnswiig
AT 10 ¥lla asranun1sanAsvesasialmiauuaingueesnilurleamauasaisuiun (ol 1)
waldnunsanAsvasansiadiminuaangueasnilurasiuaglnisvsesd (0 2) Tuayulnams 10 vlia
nsnsivlinuaisngueesnilurasiukazlnsnseeddndndudnaluniszUgnayulnsnsizaisngy
90$n1luAae3U WU DDT, endrin, aldrin, toxaphene fianuilufivas uazaanest vhliazaulufuuas
Fawandanuu Fainsevsrgaamnssuuszniaduasdunsieinuld arsnqulwsvsesaianulufivgs

| = & aa v | ¢ '3 & Ao W aa Yo Y]

wils1Aneddliduntedld asnquesiniluneansuazasummduasedimdauuaifenldiulutagdu
fvziifusioutaiazdnidu o urausoaaieimlasing fudamsnauiazaaedug anuewiluduwnden
° = a a a o & = 2 a | 9] aM o <
i ninsigludsinafannnuanuddursessesnainsiiuiignineaInnsidasiedliunune Nagnsiany

X W A Y 2 o
nsvulenvesansialinguillundananenisinuasls (Angsungnuen, 2015) uanaINTNHANIANYIVES
Srithupthai (2018) syadeuansiniiminuuadiulng aliudes U3 ignlnenguinynsnsinuadue gunealau
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ANENARY: LWINNG NFARESY 11IBUN3E

ABSTRACT

The objectives of this research were to study 1) knowledge and practices according to farmer
group standards for the organic rice production system 2) problems and suggestions regarding organic
rice production 3) needs of farmers and extension guidelines regarding organic rice production. 171
organic rice producers in the Borabue district of Mahasarakham province in 2021/22 were the study’s
population. The sample size of 120 people was determined by using the Taro Yamane formula with
an error value of 0.05 and a simple random sampling method. Data were collected by conducting

interview and focus group. Frequency, percentage, minimum value, maximum value, mean, standard
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deviation, ranking, and content analysis were evaluated for statistical analysis. The results found that 1)
Farmers had knowledge regarding the production process lower than 60% on the definition of organic
rice, the area used for the production of organic rice and the fertilizer application. They practiced in
organic rice production lower than 85% on soil analysis in the planting plots. 2) The problems in or-
ganic rice production such as data recording and collection and soil and fertilizer management. 3) The
extension guidelines regarding organic rice production were such as (1) creating information perception
and publicizing organic rice knowledge; (2) promoting compost and microbial pesticide production; (3)
encouraging the production of organic Hom Mali rice seeds; (4) following up and evaluating the results

of the extension of organic rice production for standard certification.
Keywords: Guideline, Promotion, Organic rice
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ABSTRACT

The objectives of this research are (1) to develop an intelligent chatbot system for academic
consultation and to enhance machine learning capabilities (2) to evaluate the effectiveness of
the intelligent chatbot system and (3) to assess user satisfaction with the intelligent chatbot system.
In this research, the development of the intelligent chatbot system is carried out through LINE
programming connected to a question-answer database in Google Sheets. Using Jason and Python

scripting app languages, the system learns questions using a Sequence to Sequence Model, focusing



Phranakhon Rajabhat Research Journal

54
Vol. 19 No. 1 (January-June 2024)

on specific parts of the question sentence that are of interest for learning. The system then provides
responses accordingly. The performance evaluation of the system by three experts found that the overall
assessment was at a high level (X = 4.44, SD = 0.51). Additionally, the satisfaction assessment from
a purposive sample of 200 participants, including 10 faculty or staff members and 190 students, revealed
that overall satisfaction was at a high level (x= 4.04, SD = 0.85). The findings of this research include
the utilization of a selective learning machine model focusing on parts of question sentences of interest,
learned from a dataset of 500 question-answer pairs. This has resulted in increased efficiency and reduced

response time for consultation services provided by center staff.
Keywords: Intelligent Chatbot, Consulting in Teaching and Learning, Machine Learning
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nnatnBmeassiudiisdinguauam wazuuuunTaaesma lagldngusesna 58 au fidnunasimsdniden
wavun Wnsduesneiie Tngisuaan uladhndumnassuaznduamununguas 29 au iuteyalnenisnsiain
YSunaueanegadluaumely lngldadia Independent Sample t-test #aMs3denudn 1) n1sfudseniu
FnfuTIaLAUgariliuTInaLeanegedluaumglaanadlauinnINslisulsemusindusdawauya
agnafitfuddyneadng 0.05 UszavsnmilunisanUinaueanssedluaumelaiinadusiuniid 15 anansaan
Uinauueanesedliosar 66.29 neluian 2 $alus wiiuFevas 93.32 2) msulszuIndussinuaUya

fvsunaueanesedluaunelaluldagsvegnauandanmsidfuusemusndusidaualya ngunnaes

o

fifaduasgawingu 77.32+23.31 fadnsuesidus uazsgawiniu 5.16+6.34 TadnTuesiiud nquaiuny
fifnadegeanvintu 71.27+11.97 fadnsuesidud uazdnanwiniu 22.58+6.97 fiadnsuiesiiud uansliin
MANRGYEIEALAYAEATDIARE ITELIAVBIIERINGUAILANFTY NigiumAUeiuTosay 95

ARy INAUTIEALAUYE Usinaueanagedtuaumela Ussavgninuedsindusneda

ABSTRACT

The purpose of this research is to study the efficacy of Thunbergia laurifolia root capsule in reduc-
ing the amount of alcohol breath, and to analyze the amount of alcohol in the breath from the period
after drinking. The experimental research was a randomized controlled trial (RCT) and double-blinded
clinical trial. The samples consisted of 58 men who were interested in this research in Muang district,
Chachoengsao province, passed all the Inclusion- exclusion criteria and equally (29 persons) divided
by simple random sampling into two groups-experimen and control. The data were collected by

breath alcohol testing. The data were analyzed using a statistical independent samples t-test.



15815398 WsTUAT S1YTIMEImEnsuazmalulad
7 19 avuil 1 (unsrpu-dgquieu 2567)

The research findings were as follows: 1) Eating Thunbergia laurifolia root capsule caused the alcohol
content in the breath samples helped decreasing more than those who did not eat the capsule signif-
icantly at the level of 0.05. The efficacy of reducing the alcohol content in the sample of the breath
was effective from 15 minutes, and could reduce the alcohol content by 66.29% in 2 hours to 93.32%.
2) Eating Thunbergia laurifolia root capsule had the alcohol content in the breath for each period of
time, different from those who did not eat the capsule. The experimental group had the highest mean
value of 77.32+23.31 mg% and the lowest 5.16+6.34 mg%. The control group had the highest mean
value of 71.27£11.97 mg% and the lowest 22.58+6.97 mg%. It was shown that the means, maximum

and minimum of each period of the two groups were different at a 95% confidence interval.
Keyword: Thunbergia laurifolia root, Alcohol Breath, Efficiency of Thunbergia laurifolia root
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wazNa (Sb) nan1s3denueunAintuIIntuasalanvensinauuinnineynawtuanUuwuasAnu
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sinftanas Tuvaeiviinausigesdsusznoulumsituannszauiiuuuasdfuanadlidamurinssauiiuage
nuamsifeadsdazula wadia SEM-EDX amnsaauszandlilunisesiviinnesisuinsveauntu
nnszguludiwaznszquiuwuasanuld wazdududsslovilunisirluilugiudeyaldussloviiv

a wa v

WnthAufuRnusulaInemanssnae
AdnARy: iUy nszauluase nszquuUaAiu

ABSTRACT

This research aims to: 1) compare gunshot residue after firing blank cartridge and live ammunition
using Scanning Electron Microscopy (SEM) techniques, and 2) compare the amount of gunshot residue
after firing blank cartridge and live ammunition using Energy Dispersive X-ray (EDX) techniques. The
experiment involves shooting a 9 mm. handgun and a blank gun to collect gunshot residue samples
on the shooter's hand at 0 and 30 minutes. The analysis includes particle analysis, examination of

gunshot residue size, and the detection of Lead (Pb), Barium (Ba), and Antimony (Sb) amounts.
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The results of the research found that gunshot residue particles from live ammunition are more
spherical than gun soot particles from blank cartridges, and over time, the characteristics of gunshot
residue change from being spherical. The particle size of gunshot residue from live ammunition means
13.017 + 11.412 microns, while the particle size of gunshot residue from blank cartridges means 10.567
+ 10.007 microns, and an examination of the elemental components in gun soot after 30 minutes, gun
soot from live ammunition will have a reduced amount of elements. Meanwhile, the amount of ele-
mental elements in gun soot from blank cartridges decreased not as clearly as from live ammunition.
From the results of this research, it can be concluded that the SEM-EDX technique can be applied to
analyze the shape of gunshot residue from both live ammunition and blank cartridges. And to use it

as a database for forensic science practitioners.
Keyword: Gunshot residue, Live Ammunition, Blank Cartridge
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NN1584 3 A% nuTwihTulidnuaegnsanau fvgese vunneyniadngauagiviejanil 3.500 pm (nnd 38)
wag 19.900 pm (A9 3C) MUaIRU Hvualagy 9.586 + 8.980 pm

©

FYR
P o a

Al 3 wihannszguluaiafiudedn it 0 widl (A) a3l 1 Jvua 5.359 um 7 15,000x

[V
= a

(8) A7 2 Fwunm 3.500 pm @ 20,000 (C) ASeH 3 Slwwrm 19.900 um 7 3,000x
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1.2 wihannnszgulunuasdiu iudegnsiivian 0 wifl
winUuanmsBeieluwuasdiu wuin 9 wu. thvsegiawanluiina 0 w1 9101583 3 A
wudnihUuddnvauzgusidiuiveu fwgesy dvwneuyniadngauazlnggadl 3.166 um (2wl 4C)

way 28.112 pm (Mg 4A) anudsu Sawiaede 15.765 + 12.475 um

AWl 4 wihnnszauuiuasdiuiuiiegng fnan 0 wiil (A) A%af 1 fvuin 28.112 um 7 2,000x
(B) 339 2 flvunn 16.016 um 7 3,500x (C) ASSH 3 Fuwn 3.166 um i 20,000x

1.3 wilannszguliuaie udegneiivaan 30 ui
1Ay a v IS ) 2y a <o ' | ]
wihtuanmsBamnetunndusinsgiu Wuase) um 9 wu. ufegasihUuina) 30 uii
a I ' (= T a a < 1 = =
91NN1589 3 ASI NuTIhTulanwagnsinay Rav5ese dvuinsuniadnaawazlnajand 2.445 um (A 5A)
WAz 31.359 pm (AMWA 5B) MuERU Huuialade 16.447 + 14.479 um

Al 5 LﬂummﬂnixquﬂuﬁaLﬁuﬁaamqﬁnm 30 WITt (A) ASeTt 1 Haurm 2.445 um 91 2,000x
(B) A%aft 2 Buum 31.359 pm i 5,000x (C) AST 3 Swwm 15.536 um 7 5,000x

1.4 wiiannszguluuuasdfu ufegnsiinan 30 uril
wihTuanneBadetunuasdiu auia 9 uu. iuiegiamanuiinen 30 wif :nnsBs 3 ads
wuinmihtuiidnvazdeuirinauuassusisliuiuou faguse Tvuneynmdngauaringjanil 2.246 pm
(il 60) war 9.452 pm (AT 6A) aud e Suueiade 5.369 + 3.698 um
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AW 6 L‘Ummﬂﬂizquﬂmwaqﬁﬁmﬁuﬁaa&mﬁnm 30 Uil (A) Sl 1 v 9.452 pm 7 5,000x
(B) ASsfi 2 Fvwn 4.410 um 71 2,000x (C) ASaT 3 Slwun 2.246 pm 7 2,500x

PNUaNTIATIVTEmnAlln SEM Tun1sAnwidnuazssiuasauineuniaintuannseguiuas
wuinhtufioymeadnuazaouiisnauuazunsgaiidnuasfingg 1 fnwd 3 uazamd 5 wunaeynn
Tnsiadedvuelungiudienaiuly lurueidnsaruarrunoynasiBurnnsyauliuuuasdiunyu
fidnwarguisiiliniuouoafidnvaznssnasuslimioueymanshtiuannszauduaisdsnmd d uaznmi 6
yuneymelagdsivinadnanionaniull uazilevnsiioudisurnaeynawtinannssguiiuaie
wazuUasAunUILAURIeE9Tinan 0 Wil wihannsraululuasAtuivuneade 15.765 um Tugindiusin
Nnnsyquilu SReilAieds 9.586 um wagfiuseiailena 30 il wshannsEquluLUasdRuTTue
W@t 5.369 um ENNINNNNIZAUTUA3 fiflvunn 16,647 pum ﬁqﬁﬁuagﬁuﬂﬁaswsmﬁq AULSVBITU
(usain) wazyiavodu auniAwiduaINnsrauluasRINNTinTzimewmatia SEM anudenndesiu
mu’“;%’aﬁgqmEﬂ,uﬂwwmLLawhanzLmﬁﬁwmsﬁﬂmL%‘aaé’ﬂwngﬂi'wummiﬁlu 391133804 Ratchakhom
(2020) lgdnwUSeuisudnuuznInenwvesihtusemaia SEM-EDX nan1sAnymuinwaitulioyna
dnwaigAouinsnauLazuegalidnuanlung uazaenadesifuauddoves Chinaworn (2004) Aindgnadia
sUs1eveseymMArstuiisusdeudienas 1 fvuinoumelutis 2-31 lunseu Fsilisnosduszneudie
Pb Ba tlag Sb mﬂmu’iaﬁ’awudflgﬂs’waqﬂwmaﬂmjﬂu%Lﬂ?{aul,maﬂﬂmﬂmqﬂauLﬁanmmu"l,ﬂ failiiosan
i’]aﬁamaqm‘mqﬁLLammé’uﬁqqﬁlﬁm%umﬂmi@a sumawiduidanusiiuveanadlussazusn niu
druiunazussiliaunadsnareazesseseymawsiitu dseynmawiitu Tuanurveanalazudeinu
neansnauifiuiifatosianlulinesferfuiieliliszdundinuign Tneaelvisuinsonushiuiid
dnwasgnanluszezusn (Kara, 2022) luvaififeyagusns dugmineweseymamsituannszauduiuadiy
Tunuddonuinddnvaegusediliudueu orafidnuusnsanauudlimileuouynawdtuainnszauiiuaiy
onalosnAutiufiussqlunsrquuuasdiueglunduiudulnlsmedia (Pyrotechnic) Gsaglvimanamdunnusou
uas 1des Rnfenientu fdussdafienlndeoismnduazndniedunuinnlunady nutduseiu
finnin dadudedeniwesmsiinguinees dnvazaintu Tuvasiideyavesvuinoymeamsidudldan
Adeiidadeegd 1 - 30 lunsou wWuwRedTunUIdeues Vongsakul & Sukawat (2014) AifnwUSeuiioy
USnaazanneynaress1gusuiinainnsds  Yusleiieanes nuiwuineyniavessinwsiiiy
dnllngiignuasnay Svuadaust 0.1 Tunseu aufls 30 luaseu
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2. iamsInTeisiauavUsunavessinwaitlu faewmedia Energy Dispersive X-ray Spectroscope

M19199 1 HamassilseuiisusiauarUsinavessinwihtuantunnduninsgiu (Uuas)
warlunuasdiuiudiegrsddui a1 0 wifl wasiivian 30 Wil (Element %)

Yunadesazvessinmihtuanlusiuaslunuasdfiududiaegausiiluiivaa o wnil

wazfitaan 30 Wil (Element %)

SN cUNo eUnol cUNsa cUnaol cUNzol seo Bcol Beo Bosol sesol beso
psei 1 ediiiz afiiiz efiil1 efeii2 efeiiz efuii1 efiiiz edeiiz efeil1 efeii2 edid 3

S 8.46 0.73 491 0.71 - 3.90 3.66 0.25 0.27 -
Cr - 9.34 - - - -
Ca - - 141 913 053 - - 797
Fe - 33,62 055 266 - - 0.40 633
Cu - - 0.81

K - - 7.33 0.30 2.04 - - 1.13
Cl - - 8.34 0.25 1.11 5.58 1.54 0.65 4.55 0.90
As - - 031 - : 0.05

Ti - - - 0.42 - - -

Co - - 0.05 -

Ni 1.27 - 1.84 2.33 0.84
Sb 23.73 1.23 22.71 0.39 0.10 9.65 3.19 1.81 2.61 15.73 0.27
Ba 18.47 3.60 27.33 0.28 0.24 - 23.80 11.67 2.36 31.59 1.20 0.59
Pb 19.69 2.64 8.04 0.38 - 0.37 12.06 14.10 4.86 2.31 42.21 0.28

Vewe - GUNO  wanedis wihannszauduaie iiudiogneiingl 0 wiil
GUN30 manedls wahannszauiuads tivdedsiinan 30 wii
BGO  wweds wihannsygulunuashiu tiufeg1siine 0 wiil
BG30 wwedie wihannszaulunuasdiu iiufed1eiingn 30 undl

M9t 1 lunsfinwinasinesduseneulumihtiuannsyauliusdsuaznszauuuasdiu wui
TumaifiushegnaiuiimendsninmsBaieiina 0 uifl aansonusinesdusznaundn 4 Pb Ba uaz Sb waw
swpudussdusznau (nmdl 7TAuas 2mit 78) Inefiufinafosasiadevessmpsduszneuvdnilliumnsnefisnn
Taowsihannszauiiuaissinosduseneundniimusnngn Ae Ba 5881918 Sb waz Pb asansu Tuvazdivsi
NnnszauiuiuasAiusIeIAUsENaUNENTINUNINGA A8 Ba 50911608 Pb waz Sb mudu drudeyaain
naLfufoganendsannmsBaiina 30 und wahainnszguiiuaidlinu Sb Ba wag Pb 9nmsifiufedis
pdsfi 12 waw 3 AU (i 70) suz:um?iLﬁuahmﬂﬂssquﬂmwaqﬁﬁuwuﬁy’a Sb Ba WA Pb (7wl 7D) U3nal
SovaziadsvassmesuszneuvAnuInsrautuiuasnszauluasAfusinnuaenadaaiu Ae Pb s0snsne
Ba uay Sb mudsy ululufiemadoafudeyanuideues Sivia et al. (2020) fivhasanwiasitiueds
vuAmeUszineng 9 9nnsliimada ICP-OES wuinsmiiwuunngs Ao Pb SesNAe Ba uaz Sb AUy
iUsInusnesdUsznouiiny Susgifumsmunulunmafiusegns mavhmsfunlasasganirvesegng
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=

(Manual search) sagimatin SEM-EDX saufsvilawazdievaanseguiu iesnnnseguiuusazdeiinisuss

s a d' o X %Y a a a a ] v
ﬁ’]@!aﬂﬂﬂigﬂausluﬂill’]mwLLG\ﬂWWQﬂu mua%ﬂuﬂﬁgaﬂﬁﬂqwLLa%UigaWﬁNﬁIuﬂqiLNqiﬂNLLagﬂ']{LGUQ']u

1]

0 2 4 B 8 16 18 20
Full Scale 7545 cts Cursor: 0.000 ke

(B) nsrgulunuasdnuiudiegnsiing 0 und

0 2 4 6 0 2 4 6 8 1 12 14 16 18 20
Full Scale 4779 cts Cursor: 0.000 kel Full Scale 3377 cis Cursor: 0.000 kel

18 20

(Q) nszaquluasufudeg1eiivan 30 w1l (D) nszauduwuasAiuiufednafivial 30 Wi
AN 7 Spectrum UsunasnesdusznouluwinnnsequiluasiuasuuatAiu

2 o oA = =
LAUAIDYWNLIAT O UINLRY 30 UMN

= = = = 3 o " ' - a ¢ o
A1319% 2 NansiUSEuULTBUUTINEINBIRUsENaUTEN LN TR SEnINeN S Ul RS IaE N S ULUAIANY
ufegraaluning 0 Wil uaz 30 uniisewadin EDX

Yunasesazvassniiluesdusznaunan

Uszunnszguliu (Aade + SD)
q Pb Ba Sb
() nszguiuaiafiumegnafinan 0 wiil 10.12 + 8.71 16.47 + 11.99 15.89 + 12.71
(B) nsrguiiuuuasAfufiufogeiing 0 uni 10.34 + 4.85 1261 + 10.75 488 +4.19
(O nszguduaiaiumeeefina 30 wil 0.25 + 0.22 0.17 + 0.15 0.16 + 0.20

(D) nsvauilunvasdiuiufoehainan 30 widi 14.93 + 23.64 1113 + 17.72 6.20 + 8.33
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NPT 2 HanIUSEUiBUUTINSI9RIAUSENoUNaN Pb Ba waw Sb TulwinUusemaiia EDX
' = a ¢ & o ' A A a A a o o &
sEniNNTEguluITIAENITaULUAANY LNuMegrsuituinal 0 wiikay 30 w1 Bwgrduau 3 A
WU31 Pb wuwnniign Ae Sevay 14.93 + 23.64 lulwihannszaulunuasiniufiufmegeivg 30 unil vaed
Ba way Sb wuunan fe Jeearl6.47 + 11.99 uay 15.89 = 12.71 audiau Tuwaannszguiuaie
Y A a o al'
AUAIBENTINET 0 U9 Asansluning 7
P ~ = o ! o a a = ! N a I3 Y]
NN 7 LWUSHUEURIDENAEME1RINNTSEINNET 0 W i nnseguluasEmesRUsENaUmein
:4' & o w d' | = v ¢ v
imu1ngn Ae Ba Sb way Pb mwaau Tuvaeuinnnnszguiuuuasriusineddusenaunaniinuuinga
a o w ' v 2 o ' ) a a a I3 o
A Ba Pb wag Sb mudwiu diudeyadnnn1sinumieg19n1enanInnIseeiig 30 Wil s19esRUsenaunan
PN ' = a P su v o oA o w o X
inunnnaatusinszaulusuaraintuiuasdiuiianuaenngaediu As Pb Ba way Sb miua1wiu viail
44' ' 13 o LAy = a ay aa' :4' 13 o
dienamnlusmesrussneunantusiituannnsgaulussaasifosasaiivanas luraeismesdusenaundn
Tuwatuannnsgguiuwuasdiuiifosaziadeiuiu Faenalivanaduillownanusunavesdiudseneuly
@ . PN | Y] ' = a s ¢ a Y  a
wAUTu (Primer) AuaneneiuseninnsrguluITwUaNITaAULUaIANY JanTeauwuasdiuussaaunentlings
wiplungulnlanefia darsiednldlunsudnilioandiau (Oxidizing agent) Bslaun Wuna@eulumsn (KNO,)
TWupadisnnasisn (KCLO,) uaglunailusilasnasisn (KCLO,) (Thailand Institute of Occupational Safety
and Health, n.d.) visilans Oxidizing agent Tefueaiinalunmsviufisedawalisinesrusenaunand
1 fu A a A X a I 44' d' | ¢ A a X
asanvluwdnannsyauluasdiulivsnaniinty Snitenailioswnandlenaiulusinesdusenauiiiiudy
919NaNTIwIRden N1smuALluNMAUiIBENs MsinsAumlaswEsganIATewieg1e (Mingchanid
& Kulnides, 2017)

GRLY

wafla SEM-EDX a1xnsaunandszendldlunisiesgiiniduld Tnefiansunaindnuugguing
uazvLavesinegsiitasds Insdnwasgusweautiuannsauiuaiediuual s dunsanasnnndi
wihannsEauLuasAiu nsdunalia SEM anldlunisnsirinsgiivahUuddidedlunsialinsenidenunin
wavanusadudulsiuiitndumaintudasiany unique particles Tuunisfinisnsgesdussnaudeusun
faflmnuutiugrfishninmada 1CP-Ms Fufesnniagiiunguaunsiolinseiusirduvesditnauiiged
wéngusisaiealinada ICP-MS WWundn dsunnimaia SEM-EDX udszgndldlunisinsgiaanii
Fudunumadonvisosnuiiguivdngiuld Sniunadia SEM-EDX lideddmnailuninaiousaegng
Wednnpiualinariitesniufienisuifisuiumaiia ICP-MS Afedddasailumanioudaogne Gadudu
doddginnutinalunmsinsesi sudseddfmdeslunsinsgihlidaldaglunsinsesiinnni
Bnde il manifeilidugudoyalunisihauduiiivemans Tusasiimada EDX wsihan
nszauiuatailonadnily 30 ui nuihtiinasinesdusznaundn Pb Ba war Sb anassnindosay 1
wisinnezautiuuasdiudionainiuly 30 uid wui e Pb sty vl Ba uag Sb Ui
anaslidaumiifunszauase Ssfinnundululilumsideyauiinausinesdussneundniinuluwsintiu
wszgnadwunUssianvestula
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ENHANCING THE EFFICIENCY OF SPIRAL CONVEYOR BELT CLEANING USING
ULTRASONIC TECHNOLOGY
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uNAnga

Tugmamnssuemsiaeanznsulssundndualnandausinagliudssuutudsannmelsy (EU)
\dunanndseenitdrdy Tnefinsgrusnuaueuntouazaasassemsiidunn nmsinwanuazen
wazaveuiovesgunsainmnaniadianudifyednds mewudidsuuindeddituogiunsvaisly

o

nsvuaunsdssulinasasauasuludu dfu u uasiawiold Ssasnsaduundunsdeqaunis Jagou
nsintussdugeutuasiaruaroinduisilituetunivansusidodravansusens Tusmiaded
Isthiauemaluladimshauazeasesanslelndifiofnwinavesiinvesiinans gaumaiisnas uazszes
narlunsinnuazendelssansanmsiauazen nansvnaeandliiuinsldivalulagdans-
Tefindfiaud 40 Aladsnd f1ds 200 Tt uaztin3nesaoealuda (RO) flgaumgll 55 osnwaidea anuns
yheazoInmenILdIEsLIa 15.75 was Idegvanysainely 4.5 wifl deuniSmsiluvssgndldiy

AENUANABIE17 350 AT LAYIANNALYEINATARAIAN 100 WNT wdewies 50 w1fl Fevilaiunse
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WUAdINsHanlaUsTI 63 dusawmau wazUszudaa1un wanslmdiultunalulagnisinanuazenmie
o A e o Ay Ao a a ° Y a 9
dansliindnunauelunuideliiiuseansaings waranusahlUldasduanamnssuld

ANANARY: NIYIANNEZDIN TEUUAENIUNAED @N8NIUAINATIY SansIlyind

ABSTRACT

In the food industry, particularly in processing fresh-cut and frozen chicken products, the
European Union (EU) is a major export market with stringent hygiene and food safety standards.
Maintaining the cleanliness and hygiene of production equipment is crucial. Spiral conveyor belts,
commonly used in chicken processing, often accumulate grease, oil, starch, and chicken residues,
which can harbor microorganisms. Nowadays, high-pressure water jetting combined with cleaning
agents is widely used but has several limitations. This study introduces ultrasonic cleaning technology
to examine the effects of the cleaning medium type, medium temperature, and cleaning duration
on cleaning efficacy. Experimental results show that using ultrasonic technology at a frequency of 40 kHz,
power of 200 watts, and RO water at 55 °C can fully clean a 15.75 meter conveyor belt in 4.5
minutes. When applied to a 350 meter conveyor belt, cleaning time is reduced from 100 minutes
to 50 minutes, increasing production capacity by approximately 63 tons per month and saving water
costs. This demonstrates that ultrasonic cleaning technology is highly efficient and can be practically

implemented in industrial settings.
Keyword: Cleaning, Spiral Conveyor Belt, Wire Mesh Belt, Ultrasonic

unin

Tugnamnssuomislinelanizgnamnssuiiieitesiunansusiliandausuazliuussuusuds
\Hunildlundnfaiomnsvesinedifiuiuumsdioangs uazdndudu 11u 10 vomansusionsiadsels
TsuAusznA (GFPT Public Company Limited, 2022) samamglsu (European Union %e EU) unandesn
fddyfiaavetine dngesdoumuaunsndn nsdn waenmsthddednuasnanfauriandn ifidunn
WieFusesindudiiiniiguninuazanasgusugueusis anulasnivemns uazdatafnmdndluseiugs
Wuenfuaudfinanly EU (Office of Agricultural Affairs, Royal Thai Embassy, Brussels, 2021) et
M33nwINmsEIUANLEZen (Cleanliness) Lazguarnsle (hygiene) vasgunsaifiieatosiunszuaunsnan
Fubudehdnyegibidumsiusemmuameeskintusidesanmniansuudioutifissdesfannsaiilug
anuidssegrsnnduguamuesuilng wazenviinansenusionmdnuaivesusmeAlaziAsgiasnunsaleen
(European Food Safety Authority, 2020; Official Journal of the European Union, 2021)

aewuddeauuuinden (Spiral conveyor belt) tuinfugunsaliifimnuddglugnavnssunisudn
Irandnussuarliudssuududatiosangrlfesnunsnaelumsvudsnanfasiiudunausn 4 Tunssuaunis
WARLAYUTILT (ShinBen, 2023) aewudssiiinasiinisavauvesnsuluiiu thifu ull uasnmwilold
mmﬂmamﬂﬂsumumsmammmmmaaquwaﬁ]aumamq 7 derasonuUasnfanainueming egnslsinu
aewudidssuuindeilasaisiidudou fufumadeniBnisianuasernaeniuegieiszansam
%muﬁaﬂﬁmma (Food and Agriculture Organization of the United Nations, 2013; Gibson et al., 1999)
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TneAsnsmananidesduisnsnaiunsardndsanysniazdalulauvuatsniusanlavuausiinaziduniui
fenazdnds wagsadldszarnauazninensing o wu U1 arsvihauazenn waenaanulidesiign (Juis
msivaenseseiuiiRnuiardunndey Usendnaldine wavanunsathludssendliasduanulsenounsla

Pagtunislduiusaiugs (High-pressure water jetting) $aufiuansyinianuazeInlun1sae@anysn
ponananenududslasuniseausukasldiuag1aunsvians (Graves, 2007; Westerlund, 1994) agnalsiany
nsldsilumsianvaremaenudianseaudymegvateusens wu enneliinlgymniswriuaee
Yosazeael AwnUsn wewinseniadesdunidluenatsligniesmunaninaeiIsnsRtunHEnems
(Good manufacturing practice #3a GMP) lal@mnsaiauazornaneniulaeg1siisz@ansnmaiely
syyrnANINTEUINNSHANAIUUAL) Tn1sIUSINMUN waransyinauarataunnulugsliieausiiuanldsne
Tunsafiunisusdedamansenuaedainaeudnaie (Gibson et al., 1999; Marriott & Gravani, 2006) Wenani
sl siugaonaliannsadnfsuinananasdntauuaenulaanerilvidndiasuleiu didu wl

& ' 1% B v a ' X & a a6 v O = w = o &

waziawilalinnAsegdwnalifinnudssienisUuuilouveaiiogdunsgnie q dsuddiaadiaudnduy
LHBIAUMIDNNTVINAMUAL DN NTUSEANTANUINTU

NNSANINUITeNALITRTUITNIANNAZeIaeNIY WeNAINNTIHUILSIAUEILEY WU
= o an & a X o v v A 19 & a
finstsvsewmalulageng g wianilinuszandld laun msldia3esyn (Scrapers) n13lignnaauuyin (Beater roller)
M3UUss (Brushing) M3vinAuazeaniglen (Steam cleaning) nsldimaluladleleu (Ozone technology)
msvhauazenlnglduasawes (Laser cleaning) hagn1siinAnuaranmedans leiing (Ultrasonic cleaning)
(Brandt, 2007; Tolvanen et al., 2009; Troller, 2012; Wright, 2003) \Jufu vuna193sn1seng o wiand

° v o A 6 & aa Y A PRy a | a a & a | YY)
nsvhAnuazenmedansletindlduisnisidaduidssniiniudigendt 20 Aladsed Wumeihuludsinans
Mluvssnadsdudaegiuiuiaingisesnsianuazaniliinneseimeavunadnluvesandudiu
INHUNTFUIUNITNIFENI N5LARLNSS (Cavitation) Wievlaseniaiiaglng q fuiuRavesingiinn1sgusiag
9819590157 (Cavitation implosion) 9zUanUdeenadanugeeenindsinaruinluaiunssunn (Shock wave)
daalipunindsanysn avuledu waransuuidendu o ineAnuuiuiyingranesnild (Zhou et al,, 2022)
seudlethwalulagdanslednduszandldlunsianuazeinanemnuisaunsaianuazeoinnneenyy
v ' a v ° PV a o aa 2 & acadoy o

vasaemuliilueged warannisldansianuazeinlawdlurusifeaiuisnisinduisnldndnuas
wazdlanlgglunisiafassuungaindnIsnmskuunus (Crawford, 1968)

Aanulunudded AngdITeTme18IUeNLUUTEUUTIABINITYINALAERIAAIENIULUUNEYY
il ) ' [ Ao a ¢ v & = a o
Adlulssnugnamnssuemisfiied ) ngldinaluladdansiludndnioundnuvinavesviinvesiinai
9auMHVRIRINGN UagTeernalun1syinANageIAfeAINaTatUNITYINANAERA Wagnoulud
winzanfianvesladesing q lnefiingUsvasevan fie ieanszaianlunisianuaganaenunianuning

Y a a o a v v a 9 °

WINAU 65 WURLLAT LaTiANNEIYINAU 350 AT INAUNAD9IITE8LIa1 100 U9 MINISAN9INAINEZD9
mgsnsliiussiugaisresnalunsianuazenanainiotesniiviewiiu 80 Wi

B/

msneaetluatddeiudieandu 4 seu lGud 1) Mmswsuaenusiegs 2) MseenuUULaLEdns
szuudnaeansianuazewaenleglinalulagdanslyiing 3) nsAnwravesyilauargaumaiivesinan
AemuasalumM»ANLareIn Las 4) Msmszegafivesiigalunsianuazenaenlagldszuy
$ransfiasniu Tnefiswasdoasasiolli
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1. NSHSUUFIBNIUAIDENS
av S & = a a v a ° o a i
NAdpildunsAnumnuseansnnvesnalulagdansnlwindlunsyinanuas a1 e nua AL Loy
guamnIsuNsHaaliansawiwagliuussuutuds saufidedahmenuaidewiinainaiiie (Wire mesh
conveyor belt) oiarnmannanliatiuinga AlSI 304 AesslupIssiadussuuaenIunde) (Spiral
chiller) ndaedlvifiieulnfneguuaemulagivunlisiaifuiiimvenmsavan (Food soil accumulation
index ¥38 FSAI) muaun1s9 (1) egszninedosay 10-11 FallinUsvan 4 wihvasiviimyomnsasauiinTuase

MNNTPUIUNIHANNERAM9LAUTIEN (Cooked chicken product)

¥

NuNLAYDI1T (pixel)

FSAI (%) = X 100 (1)

NunR@wnIu (pixel)

Funounssraosmenulidan FSAl mudesnsturhldlastnaslisean (uinsewie 0.5 - 4.0
WUALLIAT) INNTFUINNIHARYRIAAMNTTHD M TWAmTsndoudnauomsliTidunswddonTouls
Aruvuegszmringsesuuiuinvesmenulagldannaiudeuss 2.3 Ty ndsmntuinisdienmansnu
Mnyamesuvunglindesnuauiasiuandunmi 1 lngldndesdrenweinaziiounmiaudifeide
SEUURANA (Sony, A7 Mark II) G]gﬂﬂlﬂmimEJmWe[,ﬁﬁmg%jULLﬁﬂwhﬁU /4.5 anuSidamasivindu 1/200 Juii
A1 15O WU 160 wasAALazBan mvniy 3,456 x 3,456 finwa Winmeedldlumsuuinsadiny
wwilold warsnuufinwavesiuitanemwiuiomn Tnelénisuszananm (mage processing) #elusunsu
ImageJ wathefildlumuanmen FSAl dwansluaunisii (1) wnen FSAl fildfiasnindesas 10 fges
diuimnauaslilunszuiunissaesusmnen FSA fldfiangenindosas 11 AfesanuSnaivlias lusidod
aginsmuauliaisniudiegafisginndnuiedsiifeateslunisviauazeiadomalulad

dansluiing desilen FSAl agsening 10-11

2 1 Megranmanedunsutiluussananmaielusunsy image)



13TV WILUAT F191INImIFnThasnAlulad
U9 19 atui 1 (unTrAu-dguigu 2567)

2. N15NLUULALES195EUUIIaRINTINANE and1ewulagIdwmalulagoansi lading

810

405
240 — f—240——

ROLER #R132 ROLER #R140

G wan R30

[ |

2 |/ ROLER #R135
[ap

twan R30

Lwa1 R30

' 1 1
wiannaes 1=x 1=
2 2

1140
460
4

ROLER #R160

/

BELT N4 200

4824— 200

JEAUNL +0.00

A 2 LUUTITZUUATUANNMTAUAENIY (Mide: Hadluns)

TunmAdeilldvhmaseniuuiaradsszuunnadniiohassmaharuazeinaenilunssuiuns
wanlaglidansladind nndl 2 wansuuhaesiivessruumuaunsAuaenudLEeiaaInatg
Tagfmuslsianewuiimunhaviidy 15 wufiues wasiauenvintu 1575 wns gnatueliiadeud
Tneltuawesiivhanunuiudunedines semnsauiulimenuedouiithesnaiisewing 0.033 - 1 wnsdeiunii
fighudnevessruvazmuelliaenuedouiadlugisth (Ultrasonic bath) veuaiesdrsdansleing
(Ultrasonic cleaner) Tnefiszaziiannudngaaavindu 13 wuiuns

\Spadnadanslaindnldlunnsmaans (GT sonic, GT-1990QTS) fluunas19uuvinfu 300 x 240 x 150
gnuaffiadiuns annsaiulnnaudesiifanuivindy 40 Aladsed Mdwessansleindindu 200 Tad
annsamuasgmgiveseunaludlignmaiinusgnngiives (Room temperature) s 80 paizadea L
Al 3 wanansfnaaeiesdedansletndidfussuuauaumaiuaenuiiaineiu
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RN AR PG

AT 3 MNE1BNNSARRITTUUINGRINTIINANLATa a1 Ulagldans lwing

3. MIANYINAYRITNALAZaUMANYRINGNN FaAMNEINITalUNTInAUELR R

MNMsAnwnLATeiiieades Wudwﬂﬂ%’aﬁdqma@iaﬂﬁsaw%mvﬂumw‘f’mmaxmmﬁuﬂwaﬁaqﬁw
Fansludind 1éun arwduasidwesedusansiluind vlauazguvnivesiinas uazszoznailunmsniu
dan31lefind (Intawongsa, 2015; Zhou et al., 2022) lusuaseimmualranuiuas i wesrausansluing
fifnasda wiriu 40 Aladsed war 200 08 ARy éTﬂ5uﬂ'151/1maaa‘lumauﬁ%ﬁ’mﬁﬁﬂmmﬁmLLaxqmmﬁ
vosnasiierldlunszurumsiiauazenn

Fuaniaemuuug 13 x 9 saisuiuns indiassnsuudeusld e FSAl egsevineiosay
10-11 ydantuiluguurlusnansilgamgfiong q Wuszezna 30 i neudsngunismnaeseonidu
4 ndu (wiaenguvinnisvanese 4 ade) wail

nguTl 1: ﬁ'ﬂﬂijuLLGU’LuﬁWnsaﬂﬁmumxmumiwamﬁaaiwuaaaiu%aﬁuﬂé’u (Reverse osmosis v 11 RO)

'
a

igaungll 30 esrwadyd [Wusveziian 30 Jundl
naul 2 ﬁﬁlﬂajmmﬂuﬁfl RO figaumial 55 ssriwaidea Wuszeziian 30 3undi
nduft 3: thluguutlumsevaelnienlsnsenledanudidusosas 2lasimindeusanns (29w NaOH)
(Wuasimwazondilfegudiluanuuszneuns) igumail 30 ssmwadea Wuszozna 30 Jund
ndufia: thluguudlumsaransludenlensenled mundudusosas 2nstmiindetSums (2%wA NaoH)
flgaumgi 55 ssmwaidea Wuszoza 30 Juil
doasununanfifmue asaewiusedisluieamuaziinseisuiuingaiinumwield
Tnel#Usunsy Image) udhadilaldmuanmen FSA fauansluaunisy (1) ndsantusahe FSAl deu
(FSAlbefore) uazndsquus (FSAlafter) siUSeuifisuiiu litlemenisanasesduiinisasanawevnsdusing

(Reduction of food soil relative accumulation index %38 RFSAI) ﬁQLLamﬂuaumﬁﬁ (2)

RFSAI (%) = FSAlbefore - FSAlafter X 100 )
FSAlbefore




15375398710 NIEUAT F1 I ImIansuazinalulad
U9 19 atui 1 (unTrAu-dguigu 2567)

wintuS e RFSAI Tnszvineadalagliiusunsudnsazy Minitab (version 19.0) e
navesdaduundnuazadesiusenisvhanuazonaieniy Tnefiansane Pvalue 91 0.05 Fslunisiiansan
wiardaduazuiaeandu 3 @ lALA N1SMINERUANUWNNZEL N1SNIUEDUAITEBNLUUNTNARDY WALNNT
Rsaumavesladelunisng ANOVA

a. maszezaiitosiigalumaianuasaamenulaglissusiassiiadedu

Nnmsvaaesluneud 3 axvhlimsiusiiauasgamgiivesiinansinzaudmsussuuyhauazen
aenusedansledind Inslszuusraesiiadduluneuii 2 deiulutumeut asvinismasoaiiomszesiom
ffosianlummiheuazenaemuaunsyidlimdsimslifneguumeniuias (A1 RFSAI = 100%)

Gundnaesmsuutoueslivuiuiidnumi (15 x 18 p9raeufiums) vesmeniuiirueriviy
15.75 s Tlidn FSAI egseminedosay 10-11 wimniwhnadaszuuuasmugulimenundoud
FESnsE7 0.033 Waskeduni aevuusnaivuleulrides 9 waeswihulUlugrnhve i
Samsliind warldsvernandeuiiueavandnandusnsinduna 30 Jufireseu vhnsaenmuiiond
Fraesmstuitewrenaulivuaeniugn 9 soundshumsianuazetn wdahamildluieseisiuou
fnwainuawniiolilagldlusunsy Image) o FSAI ndantudania FSAI Budurouyi
ANNELDIN (FSAlbefore) WaENEWINANNALIAIULARETOU (FSAlafter) 1NANIMIAT RFSAI Tagazyiinisang
aemugn 9 aundiagldan RESAI widy 100% Fwmeaszuy denusssrnanimuaillflunsidussuy
Wievhmnuageinaenu Aagldssaznmitdosiigalunsiauazeinmenusesansilaind

NaN1TMAABILALIANTR]

1. NAY2YLALATYUNNRVDIRINANN ABANEINITTUNITTINANNEZDIN

nsmaaesigatuAnunaveslnuazgamgivesiinans sevssaninmlunmsiidanisuuiiouves
wlA (eanusn) senananewiuiinadanivie Tnsutsnguiegvoonidu 4 ngu loiun 1) aeniusiegne
fuudluih RO figaumadl 30 ssmwadua lWuszeznan 30 Jund 2) aewiuiegefiguurlu RO v
55 pariwaoa [Wuszezia 30 Jundl 3) memusegisiiguusluasazats 2 % w/v NaOH figamagil
30 ssmuwaldea luszaznan 30 3und uag 4) amenusegsiiguurluansazans 2 % w/v NaOH figaumgdl
55 psrnwabua Wusvezim 30 37 usaengurhnamanestn 4 ads udnhmewumdsnunsinauazen
shefeulusing 4 lUAlenesiuagiamen RFSA iansmaaesnuimsauazemaenulneliisnisgy
urluii RO Tigaungd 30 ssmuwaidea WWusserina 30 Junfl sien RFSA adsdosas 34 n1sguurlu RO
Tgaumal 55 ssenwaidua Juszezinan 30 3uniilsia RFSAl 1ndeFesas 38 Msguudluasazans s lensenlys
figaumadl 30 sarmiwaloa 1uszeznan 30 3undi e RFSAl ndsiesas 15 uazmssuudluamsazanslufion
lensenlediigumadl 55 ssmwaiBua 1uszaznan 30 Fuil Tie1 RFSAI wds¥esas 35 fauandlunsned 1
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M19199 1 navessiauazaamaiivewinnans siedszavannlunisminnisuudeuresylioanain
a1enu lagAn RFSAI fikans WuaAadsainni1syininisvmeasedn 4 as

YA

e . - o anuunaiRInNang . A1 RFSAI 1ade
29N1SNIAMUALDINEYNIUY YUANINAIY Y °1umi'~gml,°u o
(GNGRISBITR)] N (So8ay)
(Qun)
Juurluu RO 1 RO 30 30 34,00 + 0.02
quurluh RO ih RO 55 30 37.62 + 0.02
Juurluansazane 2% w/v NaOH ansagaty NaOH 30 30 15.10 + 0.03
Juurluansazane 2% w/v NaOH ansazaly NaOH 55 30 35.11 + 0.03

Mnuansnanostiiuinfigamgiuifunislith RO iumewvheuasernaunsoidndauidou
Iganinsiiansavaneludelonsenlemiamnifiruiatesniasazaneluionlonson lasvoaman
ffieumiasanmsowsnidiluludesiuazsesunanvesiufinldinimeanmiiiiruniageiliauns
mﬁa%aaaﬂsﬂﬁagﬂuﬂ%nmﬁLﬁﬂﬁamﬂlé’aﬂdw LLazsuaﬂmmﬁﬁmmuﬁmﬁwmﬁsiﬁ?iqaﬂﬂiﬂgﬂﬁmwmaﬂmm

a

fufnldhetudesnnussununisinadishlinisiedeuiivesdsandsniivssaninmannt Bsluniniy
nsunuiidsanusndeveanmiifanuniaianiatuldieniniesnusidaniessairmeaaty
%qaﬂﬂsﬂﬁwﬁﬂﬁ%qaﬂﬂiﬂgﬂLLEJﬂaaﬂmﬂﬁuﬁﬂé’dwﬁu wazilofinnsannavesgumgiisionnuamnsaly
nsianuagetnfnuindogumgigiuaransafidnduiouldfitudesnngungidmasioands
yamenmuaziaiiveseavailtidumsmhamiuazein lnsmsifugamgivesweavaazyilimumilauas
usafsvesTesmamanasisanasalauasnsrefldindy Peifiumsnseunquuazmsdndsiiuiafises
mehenuaroRldRBedu uonnfugamgiifigeiuanunsnanussBamieseindsanusnuasiuiataduna
unmaivdsuiladanaiomnaaiivesdanysniigamgiaailifanysnannsangreenaniuildiedu
(Halliday et al., 2022; Holm & Anand, 1994; Holmberg et al., 2002; Sumner & Peters, 1992) aghalsfnnu
mnfinnsaundvsnavesgungiemuaunsalunsiiauazenlaglith RO uavansarans Tufeulensonlss
nan1svaassuandlififiuegedninuinnisiiguvglifianinadenisvianuazeialngliasaransloifon
lansenlusfunninslihlumehauazeindesnnenmgiigiuasiusnmnninfnjizo iy
Usglgmisonszuaunsiamnuazendidesivnuiiteieivesasaranelnfenlensenlediiannsnudansiu
anusnidulviunazasudunidiuufizouesiivannvanglasiams Uiz usmediliadu (Saponification)
wagnsazanglusiu (Pomnchalermpong & Ratanapong, 2010) LLazﬁwUﬁﬁ%mLLszjwaﬁ%?\Iwi'fuf:Lmdmaiﬁ
mevdnaslusiuiAnanasliiamsiuindusauazudein (fuandunwi 6) Samewiufuameniuan
mtganBstudmalinuansalunisirdamsudeurenaslaugniinistith ro Wummharuazen
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(n) T RO @) Wansazaneluneulanseanlan
uasvienuazenn Wuansviheanuazen

M 4 amaneSeuiisudnvaugveaaulnfignitdnesnideldu RO (n)
wazansazarelefelensonlyd (1) Wuasvhanuazen

levne RFSAl ildanmsvnaesyn 9 Seulusniinsgideyabsefiselusunsu Minitab namsiases
uansfan i 5 wuirdeyedimsuanuasiuuunfonsgy uazmuuUsiumelungugssfinnuasi uazslediases
nIMuAEUNIEaNULUUMIMIARIUTIdesilady fo viavesasvheuazenn uarUNN YA
mazeIndnnuduiusiugedmaieruannsalunsinaruazeinaeniu Ineflrdnssavinisdadula
(R-squared) wihitu3oear 94.56 uaziildinTesimnuudsUsuwuUBvEnaufduiusaoams (Two-way ANOVA

LYY

with interaction effect) wuiiaestdeiinaneauaunsalumsvinaudzeneiidedAgy s aull

v
o v o

dAtyus 0.000 FatlpeninszauaNEsgaNsUle Ao 0.05 (F19RUTBLIU 95%) MTNaNITIATIZAVIIALA

P 1%

fauasnndeiu Inedvsnavesisasstadusailasidusinisanaivadrn RFSAI Lanananng 6

Normal Probability Plot Versus Fits
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0.375 guvilvaeaIsAMUEZDM (°C) Bl SIANUAZEIN
»

/ \

0.350

0.325

Mean

0.300
0.275 /

0.250 .
]

30 55 d1 RO NaOH

Al 6 nan1siasizidadendudninandnsedi RFSAI ("5 main effects plot)

mﬂwamimmaaaﬁgwm%i%ﬁudwﬁmLLazqmmﬁmaam31/?’1mmazmﬂa'qmaeiammmmaaiu
nsvheuazeinaewiy lasarldussninmnisihanuaseingagaidielith RO gamgdl 55 esmiwaiGed
Wuarsianuazein éfﬂﬁ?uiumwmaawawiaiﬂﬁ%ﬁwmi‘mmamLﬁamizaxwmﬁﬁa&Jﬁqmiumsﬁﬂ
anuazamenulngliszuuiiaesiiaintuaglii RO fiflgamnd 55 ssewaidea iWusnandumai
anwavenfedanleindiilelrindudsiniuigeannsaunsiusinansldfhlimdsnuaunsanssae
uvhveuaasdfeiuinfidesnmsviaruaroaldednediusyansnmannty

2. sznaniidesiigalumahanuazainaenwlagliszuusaesiadietu

Tuseudlazliszuudranimandoufinasmsviauazornaenudesansleindfiainsdu Wom
szeznanfitosiignlunisvimnuazeinasnuaunsealimdelrslifineguuaeniuas tufe e RFSA
wihitudesas 100 TneltSansilvinddiiannad 40 Alaidand fds 200 Tk warli RO grungdl 55 samiwaidea
Husnans iesanmsiedouiivesateniudiesnaid 0.033 wasde i ki RO Lieegaieres
dwaliiaslififneguuaeniungaoonuld ffuiofnyidvinavessansilaindlunshauazens
FvimamasesSeuiiutusswinmslimenundouiniuth RO gamgll 55 sswnwaidea issoguien
Tngliifinavasdansleiindfunslisanslsinddmdne nansmnaesannisvmavaaess s 3 ads
(Fauandlunnil 7) wutdn %RFSAI aifintu Weaenuuinaiisiaesnistudeureuasliindoudadly
Tugnandusiuauseuiiinntu (anfisdu) e %RFSAI aifistustraiulddaauileldsansleind
Sadefedoulviiannsnvineslififaeguumeniueenldiomn (%RFSAI = 100) Ao nslisansluing
sy Taglanennundeuiitnesnsnids 0.033 wasdeiund Wuna 270 3undl wie 4.5 undl dadindn
nsldldgansilatinddia 4 wih
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GEL
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817 15.75 A3 Mpaeuiisnesnsid 0.033 wasseduil Wsesar 100 nmelunan 4.5 unit Gis q fis1aes
Trnevududewalinnnhmsavauiiiiniulunssuiumwanaansasiiilsants wh) laelisansleind
il 40 Alaudsmd s 200 ad uagliih RO gamndl 55 psrnwaifea Wuinans Wethlvenswa
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